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EXECUTIVE  StMMXRY 


EZBCOTIVB  SOMMARY 


INTRODOCTION 

Tha  onlted  States  Air  Force,  due  to  its  primary  mission  to  mili¬ 
tarily  defend  the  Obited  States  through  the  operation  and  maintenance  of 
aircraft,  has  long  been  engaged  in  a  wide  variety  of  operations  that 
require  handling  toxic  and  hazardous  materials-  Federal,  state,  and 
local  governments  have  developed  strict  regulations  that  require  dis¬ 
posers  of  these  materials  to  identify  the  locations  and  contents  of 
waste  disposal  sites  and  to  implement  action  to  eliminate  any  hazards  to 
the  public  health  or  the  environment.  The  Department  of  Defense  (DOD) 
has  issued  Defense  Environmental  Quality  Program  Policy  Memorandtan  81-5 
which  requires  the  identification  and  evaluation  of  past  hazardous 
material  disposal  sites  on  DOD  property,  the  control  of  migration  of 
hazardous  contaminants,  and  the  control  of  hazards  to  the  pxxblic  health 
and  welfare  that  resulted  from  these  past  operations.  This  program  is 
called  the  Installation  Restoration  Program  ( ZRP ) .  The  ZRP  serves  as  a 
basis  for  response  actions  on  Air  Force  installations  under  the  pro¬ 
visions  of  the  Comprehensive  Environmental  Response,  Compensation,  and 
Uability  Act  (CERCZA)  of  1980. 

The  Installation  Restoration  Program  has  been  developed  as  a  four- 
phased  program.  These  phases  are: 

*  Phase  I  -  Installation  Assessment 

*  Phase  II  -  Confirmation 

*  Phase  III  -  Technology  Base  Development 

*  Phase  ZV  -  Operations 

Phase  I,  co^leted  at  McClellan  Air  Force  Base  in  Jlily  1981,  in¬ 
cludes  the  identification  and  prioritization  of  past  disposal  sites  that 
could  pose  a  hazard  to  public  health  or  the  environment  as  a  result  of 
contaminant  migration.^ Phase  ZZ  consists  of  a  comprehensive  preliminary 
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environnental  survay  to  d«£ine  and  quantify  the  presence  or  absence  of 
contamination  that  may  adversely  affect  public  health  or  the  environ¬ 
ment.  During  Phase  HI,  a  data  base  will  be  developed  upon  which  to 
prepare  a  comprehensive  contaminant  control  plan.  This  contaminant 
control  plan  will  be  implemented  in  Phase  ZV. 

'^This  report  describes  the  work  performed  during  the  Phase  ZZ  pro¬ 
gram  at  McClellan  APB,  California,  including  development  of  reccenenda- 
tions  for  follo%r-on  actions  and  future  monitoring, 

‘nie  Phase  Z  study  was  a  records  search  assessing  the  potential  for 
groundwater  quality  problems  on  McClellan  APB  (CH2M  Hill,  1981).  Hie 
Phase  Z  report  Included  information  generated  by  the  Air  Force  in  a 
study  entitled  "Investigating  Ground  water  Contamination  as  of  30  April 
1981"  (Brunner  and  Zipfel,  1981).  nie  records  search  program  resulted 
in  the  identification  of  two  main  areas  of  concern.  These  were  (1) 
organic  solvents  found  to  be  present  in  groundwater  and  (2)  polychlor¬ 
inated  biphenyls  (PCB's)  contained  in  soil  in  a  small  area  located  at 
the  northwest  comer  of  the  runway  clear  zone  as  a  result  of  previous 
land  owner  activities.  The  soils  containing  PCB's  were  removed  by  the 
Air  Force  and  transported  to  an  approved  PCB  site.  The  Phase  I  report 
recommended  the  implesentation  of  an  expanded  monitoring  program  in 
Phase  ZZ  to  determine  the  extent  of  organic  constituents  in  groundwater. 
The  resTilts  of  that  program  are  discxissed  in  this  report. 


Forty-six  active  and  inactive  waste  disposal  and  storage  sites  were 
identified  in  the  Phase  Z  report.  Osing  the  Air  Force's  Hazard  Assess¬ 
ment  Rating  Methodology  (HARM  System) ,  the  sites  were  evaluated  on  the 
basis  of  site  characteristics,  potential  for  contamination,  waste 
characteristics,  and  waste  managament  practices.  Most  of  the  sites  were 
envisioned  as  forming  four  discrete  site  clusters  across  the  Base,  nie 
estimated  locations  of  these  sites  and  site  clusters  are  illustrated  on 
Figure  B. 1.  In  some  instances  the  exact  site  location  is  unknown. 


FZEZJ)  PROGRAM 

Prior  to  the  development  of  the  field  program  an  extensive  review 
of  existing  information  on  geologic  conditions  and  aquifer  systasw  was 
conducted.  Based  on  that  information  and  specific  recommendations  from 
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FIGURE  E.1 


th«  Thase  I  report,  a  field  program  was  developed  that  Included  install-* 
ing  monitoring  wells,  analyzing  groundwater  samples,  conducting  aquifer 
tests,  investigating  an  industrial  waste  line,  and  locating  an  abandoned 
Base  water  supply  well. 

The  drilling  program  at  McClellan  AFB  was  implemented  in  two  suc¬ 
cessive  stages.  A  total  of  48  monitoring  wells  were  installed  during 
this  two-phased  program.  The  location  and  depth  of  Stage  X  monitoring 
wells  were  determined  on  the  basis  of  existing  hydrogeological  informa¬ 
tion  for  the  Base  (primarily  well  logs  from  previously  installed  moni¬ 
toring  and  water  supply  wells)  and  location  of  past  disposal  and  storage 
areas  on  the  Base.  The  Stage  II  drilling  program  was  designed  on  the 
basis  of  analytical  results  obtained  for  the  Stage  I  groxindwater  sam¬ 
ples.  Pump  and  slug  tests  were  conducted  to  evaluate  the  transmisslbll- 
Ity  of  water-bearing  sands  and  lateral  and  vertical  continuity  between 
each  sands  zone.  One  pump  test  and  three  slug  tests  were  performed. 
Seven  wells  were  tested  for  specific  conductance  and  temperature  in  the 
field.  Readings  were  taken  in  %iells  to  determine  whether  stratification 
was  evident  within  a  well  and  whether  detectable  differences  could  be 
noted  between  the  shallow  and  deeper  aquifers. 

Part  of  the  Stage  X  field  program  included  establishing  the  loca¬ 
tion  of  Base  production  well  7.  This  was  necessary  since  it  was  thought 
that  well  7  could  be  a  conduit  for  water  to  travel  from  near  the  surface 
down  to  lower  production  aquifers.  Abandonment  of  the  well  in  past 
years  left  no  clue  on  the  surface  as  to  its  location.  A  search  of  Base 
utility  records  showed  the  approximate  location  to  be  near  the  west  side 
of  Building  475  in  an  underground  well  house.  The  buried  well  building 
was  located  with  a  magnetic  flux  indicator  (Schonstedt  6A-S2  Magnetic 
Locator) ,  and  the  site  was  excavated  for  evaluation  of  the  well  head. 
The  well  head,  located  in  the  building  basement,  was  found  to  be  encased 
with  concrete  and  fitted  with  a  non-watertight  fabricated  steel  cap;  the 
gravel  pack  was  sealed  by  a  24-inch  outer  casing.  A  watertight  cap  was 
installed  on  the  24-inch  casing,  in  addition  to  a  supplemental  loclcable 
steel  cap.  The  well  was  found  to  be  obstructed  at  an  80 -foot  depth, 
even  after  attempted  clean-out  of  the  well  by  rotary-wash  drilling. 
Evidence  from  Base  personnel  interviews  indicates  the  well  casing 
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probably  was  groutod  in  tho  late  1960 'a  or  early  1970 's>  Because  a 
substantial  amount  of  excess  water  from  fill  material  drained  into  the 
well  during  excavation,  sampling  of  Btl7  for  priority  pollutants  was  not 
accompli shed . 

An  investigation  of  the  industrial  waste  collection  system  in  the 
vicinity  of  Building  251  was  performed  in  January  1982.  The  purpose  of 
this  investigation  was  to  determine  if  the  industrial  waste  line  was  a 
possible  source  of  constituents  that  necessitated  closure  of  two  Base 
production  wells  in  the  immediate  vicinity.  The  investigation  included 
three  soil  borings  beneath  the  line. 

FINDINGS 

Results  of  the  field  program  demonstrated  that  the  Base  is  under¬ 
lain  by  a  shallow  sands  sone  at  depths  ranging  from  approximately  80  to 
100  feet  below  ground  surface.  This  zone  varies  in  thickness  from  1 
foot  to  17  feet  and  may  be  discontinuous  in  places.  Permeabilities 
range  from  0.8  to  4.2  gpd  per  square  foot,  and  transmissibilities  range 
from  4.7  to  21  gpd  per  foot.  The  groundwater  in  this  zone  moves  in  a 
south-southwesterly  direction  and  is  influenced  locally  primarily  by 
off-base  production  wells.  Based  on  physical  characteristics,  it 
appears  that  groundwater  in  this  zone  would  move  off  Base  no  more  than 
1,000  feet  in  40  years.  Bowever,  localized  pumping  may  accelerate  this 
rate.  Deeper  aquifers  exist,  disconnected  from  the  shallow  sands  and 
separated  by  at  least  20  feet  of  predominately  fine-grained  material. 

Since  off-base  wells  may  have  been  constructed  with  gravel  packs 
and  perforations  in  the  shallow  sands  zone,  constituents  in  groundwater 
(that  could  be  the  result  of  past  McClellan  AFB  waste  disposal  prac¬ 
tices)  could  migrate  downward  into  lower  aquifers  causing  water  quality 
problems  with  off-base  water  supply  wells.  Sufficient  time  has  passed 
since  the  disposal  of  waste  material  on  McClellan  property  for  constitu¬ 
ents  in  the  first  sands  beneath  the  Base  to  cause  problems  in  public  and 
private  water  supply  wells. 

Groundwater  saagples  from  all  wells  on  the  Base  were  analysed  for 
selected  organic  and  inorganic  constituents,  nie  shallow  aquifer  (first 
sands  zone)  shows  the  presence  of  constituents  particularly  along  the 
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w«8^«rn  bord«r  of  th«  Base  whors  former  dis{«sal  sites  existed.  Hov- 
ever,  the  date  also  show  organic  compounds  and  trace  emtale  in  shallow 
wells  throughout  the  Base}  often,  these  wells  were  not  located  neetr  a 
known  disposal  area.  The  occurrence  of  these  constituents  in  mils  with 
no  apparent  known  source  Indicates  that  the  delineation  of  plumes  from 
individual  site  locations  may  not  be  possible. 

Namerous  factors  contribute  to  the  fact  that  identification  of 
constituent  pluses  in  groundwater  from  individual  sites  on  Base  may  be 
Impossible.  These  factors  include  potentially  unkno%m  sites  and  varying 
groundwater  table  elevations,  as  well  as  the  operation  of  disposal  sites 
at  different  times.  In  addition,  in  many  cases  groundwater  has  flowed 
beneath  several  sites,  picking  up  constituents  from  one  or  more  areas. 
It  is  possible  that  chemical  constituents  may  be  Identified  in  dom- 
gradient  areas  off  the  Base.  The  interface  between  areas  containing 
detectable  constituents  and  those  areas  which  do  not  could  be  considered 
the  leading  edge  of  a  pluae.  Phase  II  of  the  IRP  did  not  provide  for 
any  off-base  activity,  so  plvme  movement  outside  the  boundaries  of  the 
Base  was  only  estimated. 

The  deeper  aquifer  (second  sands  rone)  shows  constituents  near  or 
below  limits  of  detection,  except  pesticides  and  herbicides.  A  deep 
well  located  downgradient  of  the  sludge  pit  area  in  the  northwest  comer 
of  the  Base  clearly  shows  an  absence  of  constituents,  even  though  it  is 
situated  in  an  area  exhibiting  "worst  case"  conditions. 

Selected  analyses  of  wells  showed  negative  results  in  most  cases. 
PCB  analyses  of  all  monitoring  wells  installed  on  the  Base  during  Stages 
I  and  II  resulted  in  non-detectable  concentrations.  However,  aroclor  (a 
polychlorinated  biphenyl)  was  present  above  detection  limits  in  one  Base 
production  well  in  a  single  sampling  event.  Low  concentrations  of 
cyanide  ware  detected  in  six  monitoring  wells  on  the  Base,  including  one 
well  installed  at  the  upgradient  Base  boundary.  A  seventh  well  con** 
talned  an  elevated  cyanide  concentration.  Cresylic  acid  was  detected  in 
a  shallow  well  placed  between  the  suspected  source  (Building  475)  and 
Base  production  mil  7  (abandoned).  Aro  mils  (shallow  and  deep)  placed 
downgradient  from  production  well  7  did  not  contain  cresylic  acid.  Ali> 
phatic  material  (grease  and  oil)  appeared  at  elevated  concentrations  in 


on*  wall  along  the  wastorn  adg*  of  th*  Baa*.  This  matarlal  has  not 
raachad  th*  sacond  aqulfar  but  has  migratad  in  a  southarly  dlraction. 


tha  prasanc*  of  harbicldas  and  pastlcidas  In  all  of  th*  shallow 
walls  and  aost  of  th*  daapar  walls  is  univarsal  across  tha  Bas*>  Con- 
cantrations  vary  from  on*  wall  location  to  another,  and  from  on*  san- 
pling  to  tha  next  within  th*  saaa  wall.  Th*  actual  appearance  of  a 
particular  compound  is  not  consistent.  One  sampling  often  shows  a  com¬ 
pound  that  is  not  datactad  during  a  subsaquant  sampling.  The  source  of 
these  herbicides  and  pesticides  in  the  groundwater  may  be  partially  from 
Bas*  application  and/or  disposal.  Bowever,  monitoring  walls  placed 
upgradiant  at  tha  extrema  north  and  of  the  Base  show  the  presence  of 
herbicides  and  pesticides  in  the  shallow  and  deep  aquifers.  The  source 
of  gi:.^undwater  for  both  Mils  is  off  Base  from  the  north.  Herbicides 
and  pesticides  are  therefore  being  contributed  to  on-base  groundwater 
from  off-base  sources.  Historical  records  do  show  that  two  off-base 
production  wells  north  of  the  Base  contain  2,4,5-TP  ( Silver).  The 
occurrence  of  these  herbicides  and  pesticides  appears  to  be  ubiquitous. 

figure  E.2  depicts  the  location  of  all  monitoring  wells  on  the 
Base,  and  denotes  those  wells  where  measurable  concentrations  of  most 
constituents  were  identified.  A  general  rang*  of  constituent  concentra¬ 
tions  found  in  all  on-base  shallow  wells  is  compiled  in  Table  Z.  1. 
These  data  reflect  results  only  for  constituents  identified  at  measur¬ 
able  levels  in  at  least  one  well.  Analytical  reports  which  present 
comprehensive  results  for  all  constituent  analyses  performed  are  con¬ 
tained  in  the  appendices.  Constituent  values  lower  than  th*  detection 
limits  were  not  used  to  calculate  the  range  of  concentration  except  for 
those  constituents  found  at  detectable  levels  in  only  one  or  two  shallow 
groundwater  saiq^les.  For  these  constituents,  it  was  not  possible  to 
tabulate  low  and/or  median  concentrations  representing  measurable 
quantities.  Xn  these  instances,  trace  level  data  and  "not  detected" 
results  ware  used  to  establish  th*  rang*  of  concentration,  ni*  source 
areas  in  which  th*  hi^  concentrations  war*  found  are  noted  in  the 
table.  Table  Z. 2  provides  a  rang*  of  th*  most  common  volatile  organic 
constituent  concentrations  from  different  source  areas. 
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RANGB  OF  VOLATILE  ORGANIC  CONSTITUENT  CONCENTRATIONS  IN 
SHALLOW  GROUNDWATER  FROM  DIFFERENT  SOURCE  AREAS 


Source 

Area 

Olapoeal  Sites  Upgradlent 
Fro*  Affected  Wells 
Containing  Volatile 
Organics 

Range  of  Concentrations 
of  Most  Common 
Volatile  Constituents 
in  Groundwater 

AREA  A 

25,37,38,34,40 

trichloroethylene:  ND>50  ppb 

AREA  a 

30,36 

1 , 1 -dichloroethylene:  ND-S  ppb 

1 , 2'trans-dichloroethylene: 
ND-10  ppb 

trichloroethylene:  ND-118  ppb 

SUBAREA  C-1 

41,42,43 

ethylbenzene:  ND-220  ppb 
toluene:  ND>440  ppb 
trichloroethylene : 

ND-2,000  ppb 

SUBAREA  C-2 

7,8,9,10,11,12, 

13,14,15,16 

1 , 1 -diehloroethylene: 

ND-30  ppb 

tetrachloroethylene:  ND-5  ppb 
trichloroethylene:  ND-10  ppb 

AREA  0 

1,2,3,4,5,6,26,27 

1 , 1  •'diehloroethylene: 

500-63,000  ppb 

1,1,1 -trichloroe thane: 

MD-12,000  ppb 
trichloroethylene : 

160-14,100  ppb 

ND  -  not  detactod 


Analytical  results  of  groundwater  samples  from  the  deeper  water¬ 
bearing  materials  indicate  the  deeper  zone  is  "cleaner”  than  the  shallow 
aquifer,  with  constituents  mostly  near  or  below  limits  of  detection 
except  for  pesticides  and  herbicides.  In  general,  the  deeper  sands 
appear  to  contain  no  EPA  priority  pollutants;  the  absence  of  constitu¬ 
ents  is  consistent  at  most  well  locations. 

All  three  soil  borings  beneath  the  industrial  waste  line  contained 
trace  metals,  specifically  arsenic  and  selenium,  at  both  the  15-foot  and 
20-foot  depths. 


CONCLUSIONS 

Past  waste  disposal  practices  at  McClellan  AFB  have  resulted  in  the 
creation  of  three  types  of  problems.  These  are  (1)  affected  materials 
(disposed  waste  and  soils),  (2)  on-base  water  supply,  and  (3)  off-base 
water  supply.  The  groundwater  affected  by  past  disposal  activities 
appears  to  be  limited  primarily  to  the  shallow  sands  zone.  That  zone, 
which  varies  in  thickness  from  1  foot  to  17  feet,  is  a  very  poor  pro¬ 
ducer  of  vraiter.  Based  on  estimated  groundwater  velocities,  constituents 
in  the  shallow  sands  have  probably  migrated  outside  Base  boundaries  up 
to  a  distance  of  1,000  feet.  However,  this  rate  of  movement  may  be 
accelerated  by  local  pumping.  Private  and  public  water  supply  wells 
located  off  the  Base  are  most  likely  gravel  packed  to  depths  exceeding 
50  feet  below  the  ground  surface,  with  perforations  possibly  at  greater 
depths.  The  deeper  water-bearing  sands  are  probably  continuous  off  Base 
where  they  are  tapped  by  private  and  public  wells  for  water  supply. 


RECOMMENDATIONS 

Recommended  follow-on  actions  and  future  monitoring  for  each  prob¬ 
lem  area  are  summarized  in  Table  E.3. 
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INTRODOCTION 

BACXGROONO 

ni«  Onltcd  States  Air  Force,  due  to  Its  primary  mission  to  mili¬ 
tarily  defend  the  dhited  States  through  the  operation  and  maintenance  of 
aircraft,  has  long  been  engaged  in  a  wide  variety  of  operations  that 
reqxiire  handling  toxic  and  hasardous  materials.  Federal,  state,  and 
local  governments  have  developed  strict  regulations  that  require  dis¬ 
posers  of  these  materials  to  identify  the  locations  and  contents  of 
waste  disposal  sites  and  to  ia^lement  actions  to  eliadnate  any  hazards 
to  the  public  health  or  the  environmnt.  The  Department  of  Defense 
(DOO)  has  issued  Defense  Environmental  Quality  Program  Policy  Memorandum 
81-5  which  requires  the  identification  and  evaluation  of  past  hazardous 
material  disposal  sites  on  DOD  property,  the  control  of  migration  of 
hazardous  contaminants,  and  the  control  of  hazards  to  the  public  health 
and  welfare  that  resulted  from  these  past  operations.  This  program  is 
called  the  Znstallation  Restoration  Program  (IRP).  The  IRP  serves  as  a 
basis  for  response  actions  on  Air  Force  installations  under  the  pro¬ 
visions  of  the  Comprehensive  Bivironmental  Response,  Coo^nsation,  and 
liability  Act  (CERCLA)  of  1980. 

The  Installation  Restoration  Program  has  been  developed  as  a  four- 
phased  program.  These  phases  are: 

*  Phase  X  -  Installation  Assessment . 

*  Phase  IX  -  Confirmation 

*  Phase  III  -  Technology  Base  Development 

*  Phase  IV  -  Operations 
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Phase  Z,  coeqpleted  at  HcClellan  Air  Force  Base  In  July  1981,  in> 
eludes  the  Identification  and  prioritization  of  past  disposal  sites  that 
could  pose  a  hazard  to  public  health  or  the  environment  as  a  result  of 
contaminant  migration.  Phase  IZ  consists  of  a  cosprehensive  preliminary 
environmental  survey  to  define  and  quantify  the  presence  or  absence  of 
contamination  that  may  adversely  affect  public  health  or  the  environ¬ 
ment.  This  report  describes  the  work  performed  during  the  Phase  ZZ 
program  at  McClellan  AFB.  During  Phase  ZZZ,  a  data  base  will  be  devel¬ 
oped  upon  which  to  prepare  a  comprehensive  contaminant  control  plan. 
This  contaminant  control  plan  will  be  implemented  in  Phase  ZV. 


Pltzvioas  WORK 

Zn  August  1979,  the  McClellan  Environmental  Protection  Cosmattee 
voluntarily  created  a  special  groundwater  contasUnation  coosiittee  to 
determine  if  aquifer  water  quality  problems  existed  in  the  McClellan 
coBonnity.  This  action  was  prompted  because  of  a  problem  with  trichlor¬ 
oethylene  (TCE),  unrelated  to  McClellan  AFB,  in  groundwater  in  the 
Rancho  Cordova  area,  another  community  in  the  Sacramento  region.  The 
initial  action  of  the  ccamilttee  was  to  analyze  water  from  several  wells 
located  near  each  comer  of  the  Base.  Zn  early  November  1979,  HcClellan 
initiated  a  meeting  with  the  California  Central  Valley  Regional  Water 
Quality  Control  Board,  the  City  and  County  of  Sacramento,  and  the  State 
Department  of  Bealth  Services  to  discuss  Initial  Base  findings.  Repre¬ 
sentatives  at  this  meeting  agreed  to  analyze  groundwater  samples  on  and 
around  McClellan  AFB  to  determine  the  magnitude  of  the  problem.  Mon¬ 
itoring  of  on  and  off-base  production  wells  throughout  November  1979 
resulted  in  the  closure  of  three  off-base  wells  and  two  McClellan  wells. 
Two  of  the  off-base  wells  belonged  to  private  homeowners;  the  third 
belonged  to  the  City  of  Sacramento.  Since  that  time,  two  additional 
Base  production  wells  have  been  taken  off-line.  To  respond  to  the 
situation,  McClellan  AFB  developed  a  five-part  investigatory  program. 
Included  were;  (1)  drinking  water  protection;  (2)  evaluation  of  past 
disposal  practices;  (3)  initial  identification  of  affected  areas;  (4) 
initial  local  gsology  and  groundwater  study;  and  (5)  initial  source 
exploration,  monitoring  wells,  and  soil  borings.  Onder  this  program, 
fifteen  monitoring  wells  were  installed  and  saapled. 


Phase  Z  -  Installation  Assessnent  of  the  Installation  Restoration 
Program  was  conducted  at  McClellan  APB  during  1981.  The  Ihase  I  study 
was  a  records  search  assessing  the  potential  for  groundwater  quality 
problems  on  McClellan  APB,  California  (CH2M  Hill,  1981).  It  provided  a 
general  description  of  the  existing  climatological,  geological,  and 
hydrological  regimes  at  the  Base  and  in  the  lonedlate  vicinity.  The 
Phase  I  report  included  Infonaation  generated  by  the  Air  Porce  in  a 
study  entitled  "Investigating  Ground  Water  Contamination  aS  of  30  April 
1981"  (Brunner  and  Zipfel,  1981). 

Forty-six  active  and  inactive  waste  disposal  and  storage  sites  were 
identified  and  evaluated  in  the  Phase  I  report  on  the  basis  of  site 
characteristics,  potential  for  contamination,  waste  characteristics,  and 
waste  management  practices.  The  records  search  program  resulted  in  the 
identification  of  two  aiain  areas  of  concern.  These  were  (1)  organic 
solvents  found  to  be  present  in  groundwater  and  (2)  polychlorinated 
biphenyls  (PCB's)  contained  in  soil  in  a  small  area  located  at  the 
northwest  comer  of  the  runway  clear  zone  as  a  result  of  previous  land 
owner  activities.  The  soils  containing  PCB's  were  removed  by  the  Air 
Porce  and  transported  to  an  approved  PCB  site.  nie  Phase  I  report 
recommended  the  implementation  of  an  expanded  monitoring  program  to 
detezBdne  the  extent  of  organic  constituents  in  groundwater. 

SCOPE  OP  WORK 

On  the  basis  of  the  Phase  I  Assessment  of  the  Potential  for  Ground- 
water  Contasdnatlon  performed  in  1981,  the  Installation  Restoration  Pro¬ 
gram,  Phase  II  -  Confirmation  has  been  conducted.  The  purposes  of  this 
program  have  been  to: 

*  Determine  the  extent  and  magnitude  of  groundwater  contaad.nation 
resulting  from  previous  waste  disposal  practices  at  McClellan 
APB,  California 

*  Recommend  measures  to  adtlgate  iJi^cts  for  identified  contami¬ 


nated  areas 


*  Davelop  envlronawntal  nonltoring  programs  to  document  environ¬ 
ments!  conditions  resulting  from  pest  wests  disposal  activities 
at  McClellan  AFB. 

TO  accomplish  these  tasks,  the  BS  work  program  included  the  instal¬ 
lation  of  monitoring  wells  for  collection  of  groundwater  saa^les  as  well 
as  the  performance  of  hydrogeological  field  tests.  A  copy  of  the  ES 
Scope  of  Mork  has  been  included  as  Appendix  A  to  this  report.  Appendix 
B  contains  biographies  of  key  ES  Individuals  who  contributed  to  the 
project. 

this  report  presents  the  results  of  the  project,  including  develop¬ 
ment  and  implementation  of  the  field  program,  the  sampling  procedures 
utilized  to  obtain  data,  data  analysis,  conclusions,  and  recommendations 
for  future  actions. 

Apart  from  this  introductory  section,  the  main  report  body  contains 
five  chapters.  Eollowing  are  brief  descriptions  of  each  chapter. 

Environmental  Setting  -  overview  of  regional  and  local  hydrogeology 
including  aquifer  systems  and  geology  as  well  as  a  description 
of  past  disposal  and  storage  sites 

field  Program  -  discussion  of  field  activities  and  procedures 
entailing  Stage  Z  and  Stage  IZ  drilling  programs,  aquifer 
pwping  and  slug  tests,  establishing  the  location  of  Base  Me 11 
7,  and  the  industrial  waste  line  survey 

Results  of  Field  Program  -  interpretation  of  hydro’Teologlcal  and 
groundwater  quality  data  as  well  as  ancillary  field  activities 

Evaluation  of  Alternative  Measures  -  discussion  of  alternative 
measures  for  mitigation  of  perceived  environmental  problems 

Recommendations  -  discussion  of  systems  that  have  been  selected  as 
appropriate  mitigation  measures 

The  appendices  that  follow  these  chapters  contain  the  data  that  were 
generated  and  detail  the  procedures  and  equipment  used  during  the 
project. 
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SNVIROHMEMTAL  SETTING 

An  undnratanding  of.  tb«  anvlronmental  setting  at  McClellan  APB  was 
necessary  to  plan  and  execute  the  field  program.  This  chapter  contains 
a  sxBunary  of  the  pertinent  Information  extracted  from  past  studies  and 
from  data  sources  Identified  by  the  project  team.  Included  are  discus¬ 
sions  on  (1)  physical  geographyi  (2)  regional  hydrogeology;  (3)  general 
hydrogeology  of  McClellan  AFB;  (4)  disposal  and  storage  areas  Identified 
In  Phase  Z;  (5)  previous  Investigations;  and  (6)  off-base  wells.  Major 
emphasis  has  been  placed  on  the  hydrogeological  discussions  since  those 
areas  had  the  greatest  isg>act  on  development  of  the  field  program  and 
subsequent  Interpretation  of  results. 

PHYSICAL  GEOGRAPHY 

The  general  physical  environment  at  McClellan  APB  has  been  de¬ 
scribed  In  the  Phase  I  report  (CB2M  Hill.  1961).  The  climatic  condi¬ 
tions  are  characterized  as  Mediterranean- subtropical,  with  hot,  dry 
simmwrs  and  cool,  moist  winters,  and  an  average  annual  rainfall  of  about 
19  Inches,  most  of  which  falls  from  November  through  Nay.  The  mean 
annual  evapotransplratlon  rate  for  the  Sacramento  area  Is  approximately 
45  Inches.  The  net  precipitation  for  the  area  Is  approximately  -26 
Inches  per  year  (the  difference  between  mean  aimual  precipitation  and 
mean  annual  evapotransplratlon) . 

McClellan  APB  encompasses  2. 598  acres  approximately  8  miles  north¬ 
east  of  Sacramento,  California.  It  has  been  In  operation  since  1936  and 
currently  employs  approximately  3,200  military  personnel  and  12,500 
civilian  esvloyees.  A  regional  location  map  is  Included  as  Figure  2.1. 
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REGIONAL  LOCATION  MAP 

McClellan  afb,  California 


FIGURE  2.1 
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ENGINEERING-SCIENCE 


The  Base  is  located  within  the  Sacramento  River  drainage  basin, 
about  8  miles  east  of  the  river.  It  is  locally  drained  mainly  by  Magpie 
Creek  flowing  westward  through  the  Base  to  the  Natomas  East  Main  Drain¬ 
age  Canal  and  eventually  to  the  Sacramento  River.  The  creek  follows  the 
topographical  relief  from  about  75  feet  above  mean  sea  level  (msl)  on 
the  east,  to  about  55  feet  above  msl  on  the  west.  Near  the  city  of 
Sacramento,  the  Sacramento  and  American  Rivers  join  prior  to  flowing 
through  the  San  francisco  Bay  delta  for  eventual  discharge  into  the 
Pacific  Ocean. 

REGIONAL  HYDROGEOLOGY 

McClellan  AFB  is  situated  within  the  Sacramento  Valley,  a  deep 
sedimentary  trough  that  has  received  sediments  from  the  Sierra  Nevadas 
transported  downhill  by  numerous  tributaries  to  the  meandering  Sacra¬ 
mento  River.  Since  post-Eocene  time  (about  the  last  60  million  years), 
up  to  4,000  feet  of  nonmarine  sediments  and  volcanic  detritus  have  been 
deposited  in  the  valley.  As  indicated  in  the  geologic  cross-section  on 
Figure  2.2,  the  deposited  sediments  resemble  a  wedge,  relatively  thin  by 
the  Sierras  in  the  east  and  with  maximum  thickness  near  the  Coast  Ranges 
to  the  west.  The  sedimentary  wedge  slopes  gently  to  the  west,  ranging 
from  300  feet  per  mile  to  as  little  as  5  feet  per  mile  in  the  Sacramento 
County  area  (California  Department  of  Water  Resources,  1974). 

In  northern  Sacramento  County  the  surface  sediments  are  part  of  the 
Victor  Formation,  underlain  by  the  Fair  Oaks  Formation.  The  Victor  For¬ 
mation  underlies  the  Victor  Plain,  a  broad  alluvial  plain  extending  from 
south  of  Sacramento  to  the  northern  county  boundary.  From  the  east  this 
formation  dips  Iselow  the  American  River  and  surfaces  near  the  Sacramento 
River  as  a  low  ridge  with  a  maximum  elevation  of  26  feet.  The  top  sur¬ 
face  of  the  formation  slopes  about  5  feet  per  mile  and  the  base  slopes 
at  about  11  feet  per  mile  in  an  east-west  direction,  indicating  a  grad¬ 
ual  wedging  to  the  west.  The  sediments  within  the  Victor  Formation 
consist  of  interbedded  granitic  sand,  silt,  and  clay  with  occasional 
lenses  of  metamorphic  channel  gravels.  The  sediments  are  heterogeneous 
and  laterally  and  vertically  discontinuous,  indicative  of  a  past  fluvi- 
atile  environment.  A  great  variability  in  grain  size  within  this  unit 
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is  the  result  of  former  intricately  braided  channels.  Hardpan  is  usu¬ 
ally  encountered  in  the  upper  parts  of  the  stratigraphic  column.  The 
formation  has  an  overall  moderate  permeability,  generally  yielding 
little  water  unless  old  stream  channels  are  penetrated. 

The  Fair  Oaks  Formation  underlies  the  Victor  Formation  near  McClel¬ 
lan  AFB.  This  formation  slopes  westward  at  aUsout  15  feet  per  mile,  and 
may  reach  thicknesses  of  over  100  feet.  These  sediments  also  consist 
of  poorly  bedded  silts,  clays,  and  sands,  with  occasional  lenses  of 
gravel.  The  formation  is  characterized  by  the  presence  of  white  clay 
beds  (white  volcanic  tuff)  up  to  one  foot  thick.  The  Fair  Oaks  Forma¬ 
tion,  like  the  Victor  Formation,  yields  little  water  to  wells  except 
when  wells  penetrate  old  channel  deposits;  in  those  instances,  the 
yields  may  be  up  to  3,500  gallons  per  minute  (gpm)  with  drawdowns  in  the 
order  of  30  feet  (i.e.,  specific  capacities  of  about  120  gpm  per  foot  of 
drawdown)  (California  Department  of  Hater  Resources,  1974). 

Groundwater  within  the  Sacramento  Valley  basin  occurs  as  a  result 
of  in-stream  percolation  into  underlying  permeable  materials,  through 
direct  infiltration  of  precipitation,  or  through  percolation  of  irriga¬ 
tion  water.  The  recharge  areas  for  that  part  of  the  basin  underlain  by 
hardpan  (e.g. ,  McClellan  kFB)  are  along  the  eastern  basin  margins;  hard- 
pan  severely  restricts  downward  movement  of  water,  except  in  places 
where  fractures  exist. 

Groundwater  discharge  occurs  almost  exclusively  by  pumping.  Since 
the  turn  of  the  century,  extensive  groundwater  pumping  for  irrigation, 
industrial,  domestic,  and  municipal  usage  has  dramatically  altered  the 
groundwater  flow  directions  and  gradients  within  the  basin.  Hater  is 
pumped  primarily  from  the  Fair  Oaks  and  Mehrten  Formations  in  the  area 
around  Sacramento.  Figure  2. 3  shows  a  water  level  contour  map  for  1 980 
in  the  Sacramento  area,  based  on  water  level  measurements  in  selected 
water  supply  wells  throughout  the  Sacramento  Valley  (California  Depart¬ 
ment  of  Hater  Resources,  1980).  Since  the  wells  used  may  not  all  have 
been  constructed  to  the  same  depth,  the  water  levels  measured  may  not  be 
representative  of  site-specific  conditions.  In  addition,  the  measure¬ 
ments  may  represent  primarily  water  leyels  resulting  from  confined 
water;  shallow  unconfined  aquifers  may  exhibit  different  water  levels 
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and  be  less  influenced  by  regional  flow  regiows*  As  indicated  on 
Figure  2.3,  HcClellan  AFB  is  located  at  the  northern  end  of  a  punping 
trouqh*  Groundwater  within  the  water-bearing  formations  tapped  by  most 
wells  would  be  flowing  south  toward  Sacramento,  unless  other  local 
pta^lng  troughs  influence  the  groundwater  flow  direction. 


GBNEBAL  HTDROGBOIOGY  OF  McCXBLLAM  AFB 

'Rie  general  description  of  the  hydrogeological  environment  of 
McClellan  AFB  provided  in  this  section  is  based  on  published  literature 
and  information  obtained  from  Base  production  wells  and  Base  monitoring 
%fells  installed  during  1980.  A  more  detailed  description  of  the  hydro¬ 
geology  is  presented  in  Chapter  4,  which  discusses  the  results  of  the 
Ihase  11  field  program. 

McClellan  AFB  is  underlain  by  sediments  from  the  Victor  Formation 
(California  Department  of  Hater  Resources,  1978).  The  thiclcness  of 
these  sediments  varies,  but  they  could  be  up  to  50  feet  thic)c  beneath 
the  Base,  underlying  the  Victor  Formation  is  the  Fair  Oa)cs  Formation, 
more  than  300  feet  thick.  The  diagnostic  white  clays  that  characterize 
this  formation  were  noticed  during  monitoring  well  installation  on  the 
western  side  of  the  Base  at  depths  ranging  from  70  to  75  feet.  Sedi¬ 
ments  from  the  Mehrten  Formation  underlie  the  Fair  Oaks  Formation  to 
great  depths. 

Oowngradient  of  the  Base  to  the  south,  the  top  of  the  Victor 
Formation  surfaces  near  the  Sacramento  River.  The  base  of  the  formation 
dips  beneath  the  river  where  it  is  eventually  overl<d.n  by  alluvial  de¬ 
posits.  "nie  Victor  Formation  is  a  wedge-shaped  plain  thickening  from 
east  to  wsst,  with  an  increase  in  fine-grained  material  in  that  direc¬ 
tion  (California  Department  of  Hater  Rasources,  1978). 

Base  water  supply  walls  are  completed  within  the  Fair  Oa)cs  and 
Mshrtan  Formations  at  about  150  to  400  feet  below  the  ground  surface. 
Hell  logs  from  the  installation  of  Base  production  wells  are  contained 
in  Appendix  C;  these  logs  indicate  great  variety  in  subsurface  condi¬ 
tions  at  each  wall  location.  Layers  of  sand,  silt,  and  clay  appear  to 
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b«  alternating  in  no  specific  sequences  or  consistent  thicknesses,  indi¬ 
cating  the  possible  discontinuous  and  lenticular  nature  of  the  sedi¬ 
ments  . 


Geologic  logs  from  monitoring  wells  installed  by  the  Base  in  1980 
and  subsequent  water  level  readings  in  those  wells  have  indicated  water¬ 
bearing  sands  at  an  approximate  100-foot  depth  (about  20  feet  below  mean 
sea  level).  During  Phase  II  monitoring  well  installation,  water  was 
also  generally  encountered  in  that  depth  range.  Well  logs  for  Base 
monitoring  wells  are  contained  in  Appendix  D;  water  level  data  for  these 
wells  are  included  in  Appendix  I. 

A  shallow  water-bearing  stratum  at  McClellan  AFB  consisting  gener¬ 
ally  of  a  fine  sand  layer  ranges  in  thickness  from  a  few  feet  up  to  1 7 
feet.  These  sands  contain  water  throughout  the  year,  but  the  water 
levels  are  influenced  by  cyclical  variations  due  to  seasonal  changes  at 
the  time  of  recharge.  the  sands  are  immediately  underlain  by  either 
clays  or  silts  that  may  be  partially  saturated.  The  shallow  sands 
contain  water  under  unconfined  conditions. 

Deeper  water-bearing  materials  are  separated  from  the  shallow  sands 
by  extensive  thicknesses  (up  to  60  feet)  of  silts  and  clays  that  act  as 
confining  layers;  thus,  the  water  encountered  at  greater  depths  is  con¬ 
fined.  The  water  supply  wells  on  the  Base  tap  these  deeper  sands  for 
water. 


An  old  now-buried  stream  channel,  a  former  branch  of  the  North  Fork 
of  the  American  River,  appears  to  cross  the  eastern  part  of  the  Base 
trending  in  a  northeast  to  southwest  direction  (California  Department  of 
Water  Resources,  1974).  This  former  channel  is  aisout  20  feet  wide  and 
located  at  depths  over  100  feet;  it  contains  consider2Usle  amounts  of 
gravel  and  occasional  boulders,  and  is  a  productive  zone  for  ground- 
water.  These  channel  deposits  ^u^e  probably  located  below  the  shallow 
water-bearing  sands.  Zones  of  higher  permeability  than  surrounding 
material  could  act  as  conduits  for  constituent  migration,  serving  as 
"channels"  with  water  traveling  at  higher  velocities  in  a  downgradient 
direction. 


Th*  ragional  groundratar  flow  dlraction  is  to  tha  south- southwast 
toward  a  pushing  trough  south  of  Sacrasianto.  South  and  west  of  McClel¬ 
lan  ATB  are  nmarous  active  private  and  public  water  supply  wells  that 
influence  the  isBediate  subregional  groundwater  flow.  Limited  data 
indicate  that  these  %fells  are  cooipleted  at  depths  ranging  fron  125  feet 
to  210  feetr  thus  reaching  into  deeper  water-bearing  sands.  The  shallow 
water-bearing  sands  seen  to  be  less  influenced  by  the  regional  gradient 
doninated  by  surrounding  pushing  practices ,  and  appear  to  have  water 
flowing  in  a  more  south%rasterly  direction  than  the  regional  flow. 

Tha  recharge  areas  for  the  water-bearing  sands  underlying  McClellan 
AFB  are  east  of  the  Base  in  the  Sierra  Foothills.  Recharge  for  the 
shallow  sands  is  located  closer  to  the  Base  than  the  recharge  areas  for 
the  deeper  water-bearing  sands.  Discharge  from  the  groundwater  basin 
would  normally  occur  to  the  west  into  the  Sacramento  River.  However, 
due  to  the  creation  of  the  piatping  trough  south  of  Sacraawnto,  all 
groundwater  underlying  McClellan  AFB  either  will  discharge  to  wells  near 
Sacramento  or  will  increase  groundwater  storage  in  this  vicinity. 

OZSFOSRL  AND  STORAGE  SITES  XDENTZ7ZED  IN  PRASE  I 

Forty-six  waste  disposal  and  storage  sites  were  identified  and 
evaluated  in  the  Phase  Z  report  (CH2M  Hill,  1981).  The  estimated 
locations  of  these  sites  are  illustrated  on  Figure  2.4.  Table  2.1 
delineates  each  site,  along  with  information  obtained  froei  historical 
records  and  personnel  interviews  regarding  site  usage,  period  in  use, 
materials  handled,  and  estimated  site  size.  It  should  be  noted  that  not 
all  these  sites  contain  materials  designated  as  hazardous. 

The  Phase  Z  evaluation  of  these  sites  was  based  upon  site  charac¬ 
teristics,  potential  for  contamination,  waste  characteristics,  and  waste 
management  practices.  The  evaluation  was  performed  using  a  site  rating 
model  developed  in  June  1981,  and  consisted  of  assigning  to  each  site 
numerical  values  weighted  on  a  subjective  scale  according  to  degree  of 
severity  for  contasU.natlon  potential.  Baaed  upon  these  nisterical 
evaluations,  the  sites  were  assigned  either  a  hl^,  medium,  or  low  pri¬ 
ority  ranJcing.  Table  2.2  contains  a.  delineation  of  the  sites  broken 
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TABLE  2.2 


PHASE  I  PRIORITY  LISTING  OF 

McClellan  afb  disposal  and  storage  sites 


Site 

No. 

Site  Description 

Overall 

Score 

1981 

HARM^ 

Score 

1982 

HIGH  PRIORITY: 

59  -  72 

Site 

4 

Sludge /oil  pit 

72 

86 

Site 

2 

Sludge /oil  pit 

71 

86 

Site 

3 

Sludge /buming/burial  pit 

71 

86 

Site 

5 

Sludge /oil  pit 

71 

86 

Site 

6 

Oil  bum  pit 

71 

86 

Site 

26 

Sludge  pit 

71 

86 

Site 

7 

Sludge /oil  pit 

67 

85 

Site 

8 

Sludge /burial  pit 

66 

85 

Site 

22 

Burning  pit/teepee  burner /burial  pit 

66 

81 

Site 

40 

Industrial  sludge  drying  beds 

66 

69 

Site 

1  7 

Burial  pit 

65 

71 

Site 

18 

Burial  pit 

65 

71 

Site 

1  9 

Burial  pit 

65 

71 

Site 

38 

Engine  repair  shop 

65 

81 

Site 

20 

Sludge /oil  pit 

64 

81 

Site 

21 

Sludge /oil  pit 

64 

81 

Site 

9 

Burial  pit 

63 

75 

Site 

10 

Burial  pit 

63 

75 

Site 

1 1 

Burial  pit 

63 

75 

Site 

12 

Burial  pit 

63 

75 

Site 

13 

Burial  pit 

63 

75 

Site 

14 

Burial  pit 

63 

75 

Site 

1 

Buming/burial  pit 

61 

70 

Site 

46 

Salvage  yard  operation 

61 

86 

Site 

39 

Burning/burial  pit 

60 

70 

Site 

42 

Oil  storage/burial/burning  pits 

59 

75 

TABIZ  2.2  (Continued) 


Site 

No. 

Site  Description 

Overall 

a 

Score 

1981 

HARM^ 

Score” 

1982 

MEDIUM  PRIORITY: 

43  -  52 

Site 

33 

Industrial  sludge  landfarm 

52 

72 

Site 

32 

Radioactive/hazardous  waste  storage 

51 

N.R.° 

Site 

27 

Sodiimi  valve  trench 

50 

N.R. 

Site 

28 

Creek  debris  sludge  pit 

50 

65 

Site 

30 

Surface  disposal  site 

50 

67 

Site 

41 

Burial  pit 

49 

N.R. 

Site 

43 

Burial  pit 

49 

N.R. 

Site 

15 

Sodium  valve  trmch 

44 

N.R. 

Site 

16 

Sodiw  valve  trench 

LOW  PRIORITY: 

44 

34  -  42 

N.R. 

Site 

29 

Civil  Bigineering  reclamation  yard 

42 

N.R. 

Site 

45 

Paint  burial  pit 

42 

41 

Site 

31 

Refuse  incinerator 

41 

N.R. 

Site 

34 

Waste  solvent  storage  tanks 

38 

N.R. 

Site 

24 

Bumlng/burial  pit 

37 

N.R. 

Site 

25 

Burial  pit 

37 

N.R. 

Site 

23 

Burial  pit 

35 

N.R. 

Site 

35 

Scrap  metal  burial  pit 

34 

N.R. 

Site 

37 

Burial  pit 

34 

N.R. 

a  ca2M  Hill,  1981 

b  OSAF  Installation  Restoration  Program  Hazard  Assessment  Rating  Method¬ 
ology,  1982 
c  H.R.  -  Not  rated 

down  by  these  rankings.  As  indicated  on  this  table,  most  of  the  sites 
were  originally  assigned  to  the  high  priority  classification.  In 
January  1982,  a  new  site  rating  model  was  developed  by  the  Air  force  to 
more  realistically  evaluate  the  potential  hazards  posed  by  sites  at  Air 
Force  installations.  This  new  Hazard  Assessment  Rating  Methodology 
(HARM  System)  was  designed  to  isqprove  the  ranking  of  sites  with  regard 
to  potential  environmental  contamination.  The  HARM  scores  for  those 


■Ites  which  w*re  rMvaluated  by  the  Air  Force  oaing  this  revised  method¬ 
ology  are  also  presented  on  Table  2.2. 

PRXVIOOS  INVESTIGATZONS 

Zn  August  1979,  a  Groundwater  Contamination  Committee  was  estab¬ 
lished  by  McClellan  AFB  to  Identify  potential  groundwater  quality  prob¬ 
lems  on  the  Base.  As  a  result,  on-base  water  supply  wells  were  saag>led 
for  volatile  organic  compounds  (VOC)  and  a  number  of  groundwater  moni¬ 
toring  walls  Mrs  subsequently  installed.  The  locations  of  the  Base 
production  wells  and  Base  monitoring  wells  are  shorn  on  Figure  2.5. 

Analysis  of  groundwater  sas^les  for  volatile  organic  compounds  over 
time  showed  that  trichloroethylene  (TCZ)  was  the  constituent  most  fre¬ 
quently  identified.  With  this  the  case,  TCE  could  be  expected  to  serve 
as  an  indicator  of  the  presence  or  absence  of  volatile  organics  in 
grotmdwater.  Table  2.3  summarizes  the  chronology  of  the  groundwater 
quality  problems  on  the  Base  following  initial  identification  of  tri¬ 
chloroethylene  (TCS)  during  an  August  1979  sampling  event.  As  repre¬ 
sented  on  the  table,  cheBU.cal  constituents  were  identified  in  BWl,  BW2, 
Blf12,  8W13,  and  BW18  and  MMI,  MM2,  MM3,  and  MM4.  Table  2.4  presents 
analytical  data  for  TCE  for  these  wells  prior  to  Phase  ZZ. 

During  installation  of  NM12,  MM13,  and  HM14,  solid  material  sas^les 
were  obtained  and  analyzed  for  volatile  organic  compounds.  The  results 
of  these  analyses  are  depicted  on  Figure  2.6.  Zn  material  from  MM12  and 
MM13,  most  of  the  detected  constituents  were  in  the  range  of  100  to  400 
ug/hg.  MM14,  which  was  installed  through  Site  2,  showed  high  levels  of 
1,1,1-trichloroethane  and  trichloroethylene  in  saaiples  from  depths  of 
twenty  feet  and  forty  feet. 

Available  wall  logs  and  well  designs  for  Base  production  wells  and 
Base  monitoring  wells  are  contained  in  Appendices  C  and  0.  Information 
for  these  wells  regarding  depths  of  casing,  seals,  gravel  pachs,  and 
casing  perforations  is  smsma^ized  in  Table  2.5.  ‘n\ese  parameters  are 
important  for  determination  of  the  potential  mode  of  transportation  of 
constituents  within  the  aquifer  system  underlying  the  Base. 
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TABLE  2.4 


DETECTED  TCE  CONCENTRATIONS 
IN  BASE  MONITORING  HELLS  PRIOR  TO  PHASE  II* 
(ppb) 


Sampling 

Date 

1980 

MHI^ 

MH2^ 

MW3® 

1 1  June 

,d 

<0.5 

12  June 

1.8 

- 

- 

- 

18  JVne 

1.1 

0.2 

<0.5 

0.1 

24  June 

2.9 

0.8 

<0.5 

<0.5 

3  July 

11.0 

1.4 

<0.5 

<0.5 

10  July 

19.0 

1.6 

<0.5 

<0.5 

15  July 

36.0 

1.6 

<0.5 

<0.5 

25  July 

62.0 

2.4 

<0.5 

1.4 

30  July 

110.0 

2.9 

<0.5 

<0.5 

31  July 

61.0 

2.6 

<0.5 

<0.5 

1  August 

68.0 

2.3 

<0.5 

<0.5 

4  August 

2. 1 

2. 1 

1.9 

2.2 

5  August 

71.0 

4.7 

0.2 

<0.5 

6  August 

92.0 

4.2 

<0.5 

<0.5 

7  August 

68.0 

2.9 

<0.5 

<0.5 

8  August 

78.0 

<0.5 

<0.5 

<0.5 

11  August 

70.0 

3.4 

<0.5 

<0.5 

12  August 

90.0 

2.8 

<0.5 

<0.5 

13  August 

100.0 

3.0 

<0.5 

<0.5 

14  August 

88.0 

3.3 

<0.5 

<0.5 

15  August 

28.0 

2.8 

<0.5 

<0.5 

21  August 

78.0 

4.6 

<0.5 

<0.5 

25  August 

- 

1.6 

<0.5 

<0.5 

27  August 

- 

8.8 

- 

- 

28  August 

32.0 

- 

- 

- 

7  October 

- 

- 

<0.5 

<0.5 

28  October 

- 

- 

<0.5 

<0.5 

6  November 

- 

- 

<0.5 

<0.5 

Source:  Brunner  and  Zlpfel,  1981 

a  Pwping  at  approximately  200  feet  plue. 

b  Volatile  organic  coi^ounds  (VOC)  other  than  TCE  were  found  during  some 
analycee  in  monitoring  wella  1  and  2;  however,  TCE  was  the  predondnate 
constituent. 

c  Monitoring  wells  3  and  4  have  been  continually  free  of  VOC  contamina¬ 
tion. 

d  (-)  ■  not  sampled 
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TABLE  2.S 


WELL  OESXGM  SPECIFICATIONS  FOR  WELLS  IN 
WHICH  CONTAMINATION  WAS  IDENTIFIED  DURING 
INITIAL  SAMPLING  EVENTS  FROM  1979  TO  1981 
McClellan  afb,  California 


Well 

Depth  of 
Caaing 
(feet) 

Depth  of 
(Sravel  Pach 
(feet) 

Depth  of 

Firat 

Perforation* 

(feet) 

Depth  of 
Seal 
(feet) 

BW1* 

400 

0-400 

162 

0-36 

BW2  . 

404 

0-404 

100 

0-40 

BW12^ 

390 

0-390(7) 

164 

0-50 

BW13® 

391 

0-391(7) 

178 

0-50 

BW18 

404 

0-404 

169 

0-50 

MW1° 

249 

75-249 

75 

0-75 

MW2 

249 

75-249 

75 

0-75 

MN3 

205 

70-205 

70 

0-70 

MW4 

249 

85-249 

85 

0-85 

a  BN  -  Baa*  production  w*ll 
b  No  lo^  availabl* 
c  MW  -  Baa*  aonitorinv  w*ll 


G*n*rally,  th*  flrat  wat*r>b*aring  aanda  b*n*ath  McCl*llan  AFB  are 
*ncount*r*d  at  d*ptha  b*twe*n  80  C*et  and  100  feat  below  the  ground 
aurface,  with  the  next  water-bearing  material  at  deptha  reaching  160 
feet*  Table  2.5  indlcatea  that  the  firat  perforationa  in  the  aaaqpled 
Baae  production  walla  occur  at  deptha  ranging  from  100  to  178  feet,  and 
occur  between  deptha  of  70  and  85  feet  in  th*  four  Baae  monitoring  wella 
inatalled  in  ^ril  1980  <MH1,  MW2,  MN3,  emd  MN4).  Gravel  pacha  extend 
froai  the  ground  aurface  for  th*  entire  deptha  of  the  production  wella, 
with  grout  aaala  around  the  perimeter  of  the  gravel  pacha  to  a  maximum 
depth  of  50  feet.  Th*  aaaq^led  Baae  monitoring  wella  all  reach  deptha 
exceeding  200  feet.  Each  monitoring  well  waa  gravel-pached  from  the 
water  table  (beginning  at  depth*  of  70  to  85  feet  below  th*  aurface)  to 
the  bottom  of  th*  well,  with  grouting  extending  from  th*  ground  aurface 
to  th*  water  table.  Th*  conatituenta  identified  in  the  groundwater 
could  have  migrated  into  th*  wella  either  through  th*  perforated  caalng 
intervale  or  through  th*  gravel  pacha.  Since  both  th*  production  wella 
and  th*  monitoring  wella  have  either  perforation*  or  gravel  pacha  in  th* 


■hallow  groundwater  zona,  conatituants  identified  could  be  preeent  in 
the  shallow  zone  only,  the  deeper  zones  only,  or  in  all  zones.  The 
schematic  drawing  on  Figure  2,7  illustrates  potential  modes  of  contane* 
Inant  migration  through  a  gravel-packed  well  that  is  perforated  within 
several  %iater- bearing  strata,  and  where  constituents  are  concentrated  in 
a  shallow  aquifer.  It  migration  has  occurred  through  the  casing  per¬ 
forations,  the  isiplication  would  be  that  the  constituents  are  contained 
in  the  deeper  aquifers  being  tapped  by  the  wells;  if  the  constituents 
are  contained  shallow  aquifer,  they  may  have  traveled  to  the  deeper- 
lying  aquifers  through  the  gravel  pack  surrounding  the  casing, 

OFF-BASX  WELLS 

Off-base  production  wells  located  to  the  west  and  southtrest  of  the 
Base  have  been  sampled  since  1979  as  a  result  of  trichloroethylene  (TCS) 
being  detected  in  groundwater  aas^les  from  some  Base  wells.  Aie  loca¬ 
tions  of  the  surrounding  off-base  city  and  private  wells  are  shown  on 
Figure  2,8,  Table  2,6  shows  the  sas^ling  history  for  some  of  these 
wells  and  their  associated  constituent  concentrations.  During  Hovember 
1979,  groundwater  analysis  was  performed  for  volatile  organic  compounds 
(VOC),  leading  to  the  subsequent  closure  of  ti.ree  off-base  wells.  Two 
of  the  wells  were  owned  by  private  households  (Higgs  and  Russell),  and 
the  third  (CW150)  belonged  to  the  City  of  Sacramento,  The  depth  of  the 
Higgs  well  was  80  or  90  feet;  the  city  well  pumped  from  144  to  372  feet, 
A  new  well  constructed  by  Higgs  has  not  been  found  to  contain  any  vola¬ 
tile  organic  compounds.  Several  other  off-base  wells  owned  by  the  City 
of  Sacramento  have  shown  the  presence  of  TCX,  although  information  is 
limited.  Chloroform,  a  trihalomethane ,  was  found  in  several  private 
wells  west  of  the  Base, 

SOMMART 

The  net  precipitation  for  the  Sacramento  area  is  about  -26  inches 
per  year,  based  on  an  annual  rainfall  averaging  19  inches  and  a  mean 
annual  evapotrsnspiration  rate  of  approximately  45  Inches, 
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FIGURE  2.7 


CONCEPTUAL  SCHEMATIC  OF  POSSIBLE  MODE 
OF  MIGRATION  OF  CONTAMINANTS  IN  TYPICAL  GRAVEL- 
PACKED  BASE  PRODUCTION  WELL  AT  McCLELLAN  AFB,  CA 
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FIGURE  2.8 
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n«it  analyzed  for  thin  <'t)«kp«>und 


The  Sacramento  Valley  consists  of  a  sedimentary  trough  containing 
about  2,000  to  4,000  feet  of  material  deposited  in  the  form  of  a  tredge 
thickening  from  east  to  west,  with  increasingly  finer-grained  materials 
deposited  to  the  west.  The  sediments  consist  of  poorly  bedded  silts, 
clays,  and  sands,  with  occasional  lenses  of  gravel.  Water  is  contained 
primarily  in  discontinuous  stream  channel  deposits  at  depths  of  ISO  to 
400  feet.  Groundwater  discharge  for  the  Sacramento  basin  occurs  almost 
exclusively  by  pumping.  There  is  no  discharge  to  the  ocean  or  other 
large  surface  water  body. 

Base  water  supply  wells  are  completed  within  the  Fair  Oaks  and 
Mehrten  Formations  about  150  to  400  feet  below  the  surface.  Logs  from 
these  wells  and  from  Base  monitoring  wells  indicate  a  great  variety  in 
subsurface  conditions  at  each  well  location.  Layers  of  sand,  silt,  and 
clay  appear  to  be  alternating  in  no  specific  sequences  or  consistent 
thicknesses,  indicating  the  discontinuous  and  lenticular  nature  of  the 
sediments.  Beneath  McClellan,  shallow  water-bearing  sands  occur  at  an 
approximate  100-foot  depth;  the  flow  direction  in  the  shallow  sands  is 
toward  the  south-southwest,  while  the  regional  groundwater  flow  is 
toward  the  south%fest. 

Forty-six  former  waste  disposal  and  storage  sites  were  identified 
at  McClellan  during  IBP  Phase  Z.  Most  of  the  disposal  sites  were 
located  in  the  northwestern  comer  of  the  Base  and  near  the  boundary  of 
the  Base  west  of  the  runway.  A  ranking  'if  the  sites  based  on  site 
characteristics ,  potential  for  contamination ,  waste  /characteristics ,  and 
waste  management  practices  assigned  the  majority  of  identified  sites  to 
the  high  priority  classification.  The  sites  were  subsequently  reevalu¬ 
ated  by  the  Air  Force  using  its  improved  Hazard  Assesmnent  Rating 
Methodology. 

Analysis  of  soil  sas^les  from  soil  borings  completed  in  the  north¬ 
western  comer  of  the  Base  showed  detectable  levels  of  volatile  organic 
cos^unds  to  depths  of  80  feet.  In  November  1979  on-base  and  off-base 
production  wells  were  sas^ledi  volatile  organics  were  found,  and  BHi  and 
Blf2  were  taken  off-line.  Three  off-base  wells  were  closed,  including 
two  private  wells  and  one  city  well,  at  distances  of  2S0  to  1,000  feet 
from  the  Base  boundary.  In  August  1980,  BN12  was  taken  off-line;  BN18 
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was  removed  from  production  in  June  1981.  In  April  1980  McClellan 
Installed  four  monitoring  wells  at  the  northwest,  southwest,  and  north¬ 
east  comers  of  the  Base.  Samples  from  HW1  and  MH2  in  the  northwest 
comer  contained  varying  levels  of  TCE.  Zn  Febru2ury  and  March  1981,  MH1 
and  MW2  were  plugged.  Zn  1980  and  1981  an  additio-ial  11  monitoring 
wells  were  installed  by  McClellan  AFB,  primarily  in  the  northwestern 
part  of  the  Base  at  a  depth  of  105  feet. 
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CHAPTER  3 


FIEU)  PROGRAM 

An  extensive  field  program  was  developed  for  McClellan  AFB.  Field 
activities  included  the  installation  of  groundwater  monitoring  wells 
within  different  subsurface  water-bearing  zones.  The  purposes  of  moni¬ 
toring  well  installation  were  to  obtain  site-specific  hydrogeological 
data  euid  to  collect  samples  for  analysis  of  chemical  constituents  con¬ 
tained  in  groundwater  within  the  Base  boundaries.  Additional  field  work 
was  performed  to  locate  an  abandoned  Base  water  supply  well  (BW7}  and  to 
teat  the  integrity  of  a  segment  of  the  industrial  waste  line  adjacent  to 
closed-down  water  supply  wells. 

This  chapter  describes  the  procedures  and  methodology  used  in  field 
activities.  Included  are  discussions  on  (1)  the  drilling  program  in¬ 
cluding  Stage  X  and  Stage  II  activities;  (2)  pump  and  slug  tests;  (3) 
sampling  procedures;  (4)  locating  Base  production  well  7;  and  (5)  inves¬ 
tigating  the  industrial  waste  line  near  Building  251. 

DRILLING  PROGRAM 

The  drilling  program  at  McClellan  AFB  was  implemented  in  two  suc¬ 
cessive  stages.  A  total  of  48  monitoring  wells  were  installed  during 
this  two-phased  progreua.  Aie  Stage  I  wells  were  installed  to  identify 
the  first  and  second  water-bearing  sands,  to  determine  the  direction  of 
groundwater  flow,  and  to  identify  potential  groundwater  contamination 
from  past  Base  disposal  practices.  The  location  and  depth  of  these 
Stage  I  monitoring  wells  were  determined  on  the  basis  of  existing 
hydrogeological  information  for  the  Base  (primarily  well  logs  from  pre¬ 
viously  installed  monitoring  and  water  supply  wells)  and  location  of 
past  disposal  and  storage  areas  on  the  Base.  Some  of  the  sites  were 
"clustered"  on  the  basis  of  their  proximity  to  each  other,  and  Stage  I 
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monitoring  wells  were  then  installed  downgradient  from  specific  site 
clusters,  which  were  designated  Area  A,  Area  B,  Area  C,  ^uld  Area  D.  The 
Stage  IX  drilling  program  was  designed  based  on  the  2Uialytical  results 
obtained  for  the  Stage  I  groundwater  samples.  The  Stage  I  program 
identified  a  shallow  groundwater  table  containing  volatile  organic 
compounds  and  deeper  aquifers  containing  primarily  small  amounts  of 
pesticides  and  herbicides.  The  Stage  II  program  was  subsequently 
designed  to  further  delineate  the  extent  and  source(s)  of  contamination 
within  the  shallow  water-bearing  zone,  nte  locations  of  all  Stage  I  and 
Stage  II  monitoring  wells  and  designated  site  clusters  are  shown  on 
Figure  3.1.  Specific  well  completion  designs  and  geologic  logs  for  each 
well  are  included  in  Appendix  0. 

Stage  I  Drilling  Program 

A  total  of  30  wells  were  installed  during  the  first  stage  of  the 
Phase  II  field  program.  Fourteen  multiple-completion  wells,  each  com¬ 
prising  both  a  shallow  (S)  well  and  a  deeper  (0)  well,  ware  installed 
into  the  first  and  second  water-bearing  zones  (MW16S,D  through 
MW29S,d).  Two  single-completion  wells  penetrating  only  the  shallow  zone 
(MW30  and  MW31  )  were  installed  in  the  center  of  the  Base  to  assist  in 
determination  of  groundwater  flow  direction.  The  designs  of  the  single 
amd  multiple-completion  wells  are  shown  schematically  on  Figures  3.2  and 
3.3. 

'Aie  Stage  I  well  locations  were  selected  to  determine: 

”  Depth  to  and  thickness  of  the  first  water-bearing  zone 

*  Depth  to  the  second  water-bearing  zone 

*  Groundwater  flow  direction  (MW30j  MW31 ) 

*  Groundwater  gradient 

”  Continuity  between  water-bearing  zones  at  depth 

*  Background  contaminant  levels  (MW28S,D) 

*  Vertical  extent  of  possible  groundwater  contamination 

*  Constituent  migration  into  the  groundwater  from 

-  Area  A  (MM24S,D;  MW2SS,D;  HW2eS,D>  MVi27S,D) 

-  Area  B  (NW23S,0) 

-  Area  C  (MW20S,D;  MW21S,D;  MW22S,D) 

-  Area  D  (MH19S,D) 
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FIGURE  3 


TYPICAL  WELL  DESIGN 
MULTIPLE-COMPLETION  MONITORING  WELL 
McClellan  afb.  ca 
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-  Sites  4S  and  46  (MW18S,D;  MW17S,D) 

”  Migration  of  groundwater  contaminants  onto  the  Base  from  off-base 
sources  {MW16S,0) 

*  Migration  of  groundwater  constituents  off-base 

The  drilling  methods  employed  consisted  of  hollow-stem  augering  and 
rotary  wash.  Drilling  at  each  well  was  initiated  with  em  8-inch  auger 
pilot  hole  for  identification  of  the  first  water-bearing  materials  and 
for  collection  of  undisturbed  split-spoon  soil  samples  for  geological 
classification.  Each  auger  hole  was  subsequently  enlarged  to  15  inches 
in  diameter  and  extended  in  depth  to  the  next  water-bearing  sands  with  a 
rotary -wash  drill  using  fresh  water  with  inorganic  gel  added  as  drilling 
fluid,  me  wells  were  installed  and  developed  according  to  the  specifi¬ 
cations  outlined  in  the  O.S.  Army  Toxic  and  Hazardous  Materials  Agency 
(USATHAMA)  Minimum  Requirements  for  Hell  Drilling  Operations.  Stage  I 
well  installation  was  initiated  in  March  1982,  but  had  to  be  interrupted 
due  to  unfavorable  weather  conditions;  the  remaining  Stage  I  wells  were 
installed  in  June  1982. 

Stage  II  Drilling  Program 

Based  on  euialytical  and  hydrogeological  results  obtained  during  the 
Stage  1  field  program,  a  total  of  18  monitoring  wells,  17  shallow  and 
one  deep,  were  installed  in  Stage  II.  All  Stage  II  wells  (MW33  through 
MH50)  were  completed  in  the  same  manner  as  the  single-completion  Stage  I 
wells  (see  Figure  3.2). 

The  wsll  location  network  for  Stage  II  was  developed  to  identify 
more  clearly  specific  groundwater  contamination  sources  and  source  areas 
within  site  clusters  that  had  shown  downgradient  groundwater  contamina¬ 
tion  during  Stage  I.  In  addition.  Stage  II  wells  were  installed  along 
the  southern  and  northern  Base  boundaries  to  ascertain  aquifer  charac¬ 
teristics  along  the  downgradient  boundary  and  to  identify  the  magnitude 
of  potential  off-base  constituent  migration. 

Although  constituents  were  generally  confined  to  the  shallow 
water-bearing  zone  according  to  the  Stage  I  results,  two  deeper  wells 
were  proposed  for  the  Stage  II  program.  Because  Area  D  had  shown  the 
highest  concentrations  of  priority  pollutants  in  the  shallow  sands  on 
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the  Base,  a  wll  was  Installed  dotmgradient  from  Area  D  in  the  deeper 
sands  (IW38D)  to  ascertain  potential  vertical  migration  of  constituents 
as  well  as  possible  off-base  migration  of  contaminated  groundwater  in 
the  second  water-bearing  zone.  A  deep  well  (320)  was  also  proposed 
immediately  upgradlent  from  Stage  I  wells  20s, 0.  Monitoring  well  20S 
had  shown  the  presence  of  aliphatic s  (grease  and  olDi  groundwater 
analysis  also  detected  the  presence  of  aliphatic  nuterial  in  MW20D. 
This  material  may  have  been  carried  into  the  deeper  well  during  initial 
well  construction.  Prior  to  implementation  of  the  Stage  IX  drilling 
program,  well  200  was  pus^d  and  resaaipled  to  determine  if  the  initial 
presence  of  aliphatics  in  the  groundwater  could  have  been  due  to  cross- 
contasdnation.  Analytical  results  of  the  second  sampling  revealed  no 
aliphatics  present;  therefore  deep  well  320  was  not  installed  upgradlent 
from  MII20O  for  identification  of  a  potential  source  area.  However, 
shallow  wells  ware  installed  upgradlent  and  do%mgradient  of  MW20S  to 
locate  a  source  for  the  aliphatics  ^served  in  that  wall. 

The  Stage  ZZ  wells  were  installed  to  identify: 

*  Off-base  constituent  migration  and  aquifer  characteristics  along 
Base  boundaries  (MH380,  36S,  35S,  48S,  47S,  43S,  42S) 

*  Background  constituent  concentration  in  shallow  water-bearing 
sands  and  groundwater  flow  direction  (MH50S) 

*  Contamination  sources  in  Area  A 

Site  38:  NW40S 

Site  25:  NM39S 

Site  34:  Mlf46S 

*  Contasdnatlon  sources  in  Area  B 

Site  36:  MN41S 

*  Contamination  sources  In  Area  C 

Subarea  C-1:  MW34S,  44S,  45S,  33S 

Subarea  C-2:  MW36S,  37S 

*  Contamination  from  Area  D 

Deeper  sands:  Hlf380 

The  wells  were  Installed  using  a  rotary-wash  drilling  method. 
Pilot  augerlng  holes  were  not  drilled  in  this  stage  since  the  Stage  Z 
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drilling  progran  provided  general  infonetion  as  to  the  probable  depth 
of  water-bearing  oaterials.  Figure  3.4  shows  photographs  of  the  drill¬ 
ing  operation  daring  installation  of  monitoring  well  38D  in  the  north¬ 
western  part  of  the  Base,  the  drilling  fluid  used  was  fresh  water  with 
no  additives I  the  clays  encountered  at  depth  during  drilling  provided 
enough  fluid  viscosity  to  carry  the  bore  cuttings  to  the  ground  surface. 
Wells  were  coaq^leted  with  locked  iron  casings  above  the  ground.  Four 
wooden  posts  were  emplaced  surrounding  the  wells  in  areas  %fhere  the 
posts  would  not  interfere  %rith  Base  flight  operations;  in  ^u^eas  where 
conflicts  existed,  a  concrete  pad  was  installed  around  the  iron  casing. 
Figure  3.5  shows  monitoring  wells  27  and  25  at  completion  with  posts  and 
a  concrete  pad,  respectively. 

In  addition  to  monitoring  well  installation  during  Stage  IX,  two 
piezometers  were  completed  adjacent  to  MW44S  (see  Figure  3.1);  the 
piezometers  were  used  for  pmsp  tests  in  conjunction  with  HW44S,  as 
described  in  the  following  section. 

POMP  AHD  SI.OS  TESTS 

Pump  and  slug  teats  were  conducted  to  evaluate  the  transmisslbility 
of  water-bearing  sands  and  lateral  euid  vertical  continuity  between  each 
sands  zone.  One  pinp  test  (MW44S)  and  three  slug  tests  (HW24S}  were 
performed;  the  locations  of  these  wells  were  indicated  on  Figure  3.1. 
Sample  data  sheets  for  recording  field  information  are  included  in 
Appendix  P.  Field  equipment  used  for  these  tests  is  listed  in  Appendix 
Q- 

Pump  Test 

Based  on  piaping  experience  during  earlier  sampling  events,  well 
44S  was  selected  as  the  pumping  well  for  the  pus^  test,  nils  well  was 
capable  of  producing  water  continuously  idiile  being  pumped  at  about  0.5 
gpm;  most  other  shallow  wells  ran  dry  idien  pmsped  and  therefore  would 
not  sustain  constant  flow  during  a  prmp  test.  Two  piezometers  (44S-A 
and  44S-B)  were  Installed  at  distances  of  20  and  40  feet  downgradient  of 
the  piaping  well  to  monitor  water  level  drawdown  and  recovery  during 
pimping  of  MW44S. 
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PHOTO  A 

Geologist  collecting  sample  of  cuttings  contained  in  drilling  fluid  at 
MW380  for  preparation  of  geologic  log 


FIGURE  3.4 
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PHOTO  B 

Rotary-wash  drill  rig  and  water  tank  at  MW380 


Photo*  Courtmy  of  USAP 
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FIGURE  3.5 


COMPLETED  MONITORING  WELLS 
McClellan  afb,  ca 


PHOTO  A 

Monitoring  Well  2SS,0  with  locked  iron  casing  and  concrete  pad 
completed  within  clear  zone 


PHOTO  B 

Monitoring  Well  27S,0  with  locked  iron  casing  and  wooden  posts 
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Initial  water  levels  were  recorded  for  the  pumping  well  and  piezom¬ 
eters.  The  pugqp  was  then  lowered  into  the  punning  well  (44S)  and  a 
second  water  level  measurement  was  taken  for  this  well;  this  water  level 
was  higher  than  the  initial  reading  as  a  result  of  water  displaced  by 
the  puBp.  At  the  specified  time,  the  pump  was  activated  and  a  series  of 
water  level  readings  were  taken  on  the  puBfiing  well.  Readings  were 
obtained  at  IS-second  intervals  for  the  first  two  minutes,  after  which 
measurements  were  gradually  reduced  to  once  every  5  or  10  minutes,  for  a 
total  pusping  time  of  220  minutes. 

Simultaneously,  flow  rates  were  monitored  for  the  pumping  well. 
Flow  rates  were  measured  initially  every  10  minutes  until  a  constant 
rate  was  maintained,  follotied  by  readings  every  30  minutes. 

Water  levels  in  the  piezometers  were  monitored  every  10  minutes 
during  drawdown  of  the  pumping  well  throughout  the  duration  of  the  test. 
Final  water  level  measurements  were  taken  for  the  puiig>ing  well  and 
piezometers  just  prior  to  stopping  the  pump. 

When  the  pungs  was  turned  off,  recovery  measurements  were  taken  on 
the  pumping  well.  Readings  were  taken  every  15  seconds  during  the  first 
2  minutes  and  then  at  increasingly  longer  intervals  before  reducing  mea¬ 
surements  to  once  every  5  or  10  minutes  for  the  duration  of  the  test. 
Water  level  measurements  were  taken  until  no  further  change  in  water 
level  was  detected.  Water  levels  in  piezometers  were  monitored  once 
during  recovery  of  the  pumping  well.  No  further  readings  were  necessary 
because  drawdown  of  both  piezometers  during  pumping  was  minimal  (less 
than  0.03  foot).  At  the  end  of  the  test,  the  pump  was  removed  from  the 
pumping  well  and  one  final  water  level  reading  was  taken  to  determine 
the  water  level  without  pump  displacement. 

Slug  Tests 

Since  only  MW44S  was  productive  enough  for  the  performance  of  pump 
tests,  a  slug  test  was  conducted  on  MW24S  to  obtain  information  on 
aquifer  characteristics  along  the  Base  boundary.  In  the  absence  of  pump 
tests,  slug  teats  provide  general  order-of-magnitude  data  on  permeabili¬ 
ties  and  transmissibilities  of  aquifers.  Slug  tests  are  often  used  when 
an  aquifer  shows  low  productivity  and  low  permeability.  A  slug  tast 
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consists  of  releasing  a  known  volume  of  water  into  a  well  casing  and 
measuring  the  rate  at  which  the  water  level  returns  to  its  original 
position. 


Three  replicate  tests  were  performed  on  the  well,  two  the  first  day 
and  one  during  the  second  day.  Fifty  gallons  of  water  were  released 
into  the  well  during  the  first  test  and  100  gallons  were  used  for  each 
of  the  other  two  testa.  Sach  test  was  performed  by  filling  a  S5-gallon 
drtmi  with  water,  elevating  it  eUsove  the  well,  and  releasing  the  water 
into  the  casing  at  a  specified  time.  Initial  water  levels  were  measured 
prior  to  each  test.  Immediately  after  all  water  was  released  into  the 
well,  water  level  measurements  began.  Readings  were  taken  at  1 5-second 
intervals  during  the  first  10  minutes  of  each  test,  followed  by  subse¬ 
quent  measurements  at  increasingly  longer  intervals.  Each  replicate 
slug  test  was  conducted  for  three  hours  before  it  was  completed. 

SAMPLING  PROCEDURES 

Field  sampling  of  wells  for  groundwater  required  careful  sampling 
techniques  to  avoid  sample  cross-contamination  and  still  obtain  a  rep¬ 
resentative  sample.  The  step-by-step  sampling  protocol  is  included  in 
Appendix  P,  along  with  field  data  sheets  and  the  method  used  for  calcu¬ 
lating  well  casing  volume  for  monitoring  well  purging  and  sampling. 

Numerous  decisions  are  required  in  the  field  to  determine  the 
method  of  sampling.  A  decision  flow  chart  providing  alternatives  and 
solutions  for  use  during  seunpling  is  shown  in  Figure  3.6. 

Pumping  and  Sampling 

Prior  to  sampling  a  well,  the  static  water  level  was  measured  using 
an  electronic  water  level  meter  (M-scope)  calibrated  at  10-foot  inter¬ 
vals.  This  device  is  pictured  in  Figure  3.7.  A  steel  measuring  tape 
was  then  used  to  record  water  levels  to  within  1/10  inch. 

Pumping  was  the  preferred  method  for  sampling.  Approximately  three 
casing  volumes  of  water  were  removed  from  a  pumpable  well  prior  to  sam¬ 
pling  from  the  Teflon  tubing.  'Riis  preliminary  pumping  served  to  purge 
the  well  of  standing  water  in  the  casing,  replacing  it  with  groundwater 
from  surrounding  water-bearing  sands.  Pumping  also  flushed  the  previous 


saopling  water  froa  the  pump  and  outlet  tube  (see  Figure  3.7).  Sanpling 
tram  the  Teflon  tube  eliadnated  potential  cross-contamination  between 
aaaples  and/or  from  the  tube  itself.  During  punping,  the  wells  fre¬ 
quently  ran  dry  prior  to  remowal  of  three  casing  volumes  of  water. 
Allowing  the  well  to  recharge  at  least  once  prior  to  saapling  insured 
collection  of  a  representative  groundwater  sample  from  the  aquifer.  If 
too  little  water  remained  in  the  well  to  sample  with  the  pvmp,  sasplers 
constructed  of  glass  and  Teflon  %iere  used. 

Bailing  and  Sampling 

Hells  were  bailed  prior  to  sampling  whenever  the  pvmp  ras  not  used, 
prosMting  thorough  well  water  mixing  and  some  groundwater  recharge.  A 
otlnimum  of  one  well  casing  volmae  was  reiaoved  from  each  well  prior  to 
sampling.  Groundwater  samples  were  obtained  using  a  single  saspler  or  a 
pair  of  sasplers  tied  together  in  series.  This  "double  saspler”  is 
shown  in  Figure  3.8.  Sasplers  were  constructed  of  glass  and  Teflon  to 
prevent  the  introduction  of  contasiinants  from  saspler  coeponents.  Glass 
and  Teflon  also  minimized  adsorption  of  groundwater  constituents  to  the 
surfaces  of  the  saspler. 

Hells  containing  significant  amounts  of  sand  or  silt  caused  the 
saspler  to  lea)c  when  being  extracted  from  the  well.  The  Teflon  ball  at 
the  base  of  the  saspler  would  not  "seat”  properly  due  to  the  silt, 
allowing  sasple  water  to  escape.  For  these  wells,  an  all-Teflon  sampler 
which  filled  from  the  top  was  used  instead.  However,  use  of  this  type 
of  sai^iler  required  that  at  least  one  gallon  of  water  be  in  the  well  in 
order  for  the  sampler  to  be  filled  from  its  top.  Another  disadvantage 
was  that  the  actual  sample  volwes  collected  with  the  Teflon  saspler 
were  small.  Schematic  drawings  of  the  glass/Teflon  and  the  all-Teflon 
samplers  are  included  in  Appendix  Q. 

A  glass  funnel  facilitated  the  transfer  of  sasple  water  from  saa»- 
plers  to  saiple  containers  (see  Figure  3.8).  The  glass  funnel  siinijaized 
surface  adsorption  of  groundwater  constituents  that  could  otherwise 
occur  with  a  plastic  (polyethylene)  funnel. 

After  sampling,  the  sasplers,  bailer,  and  funnel  were  thoroughly 
cleaned  and  washed.  Oeionized/distilled  water  was  used  for  the  first 
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rinsa,  followed  by  a  reagent  grade  acetone  rinse  to  remove  any  organic 
constituents  adsorbed  to  the  equipment  surfaces.  A  final  triple  rinse 
with  delonized/distilled  water  removed  the  acetone. 

Sample  Containers  and  Types  of  Samples 

Several  types  of  sas^les  tiere  obtained  from  each  «rell,  requiring 
individual  treatment  and  preservation.  Containers  were  specially  pre¬ 
pared  in  the  laboratory  for  given  analyses  prior  to  transport  into  the 
field.  During  sasq>llng,  all  containers  wars  filled  cos^letely  with 
sample  water  and  capped.  Volatile  organic  analysis  (VGA)  bottles  were 
filled  directly  from  either  the  Teflon  tube  of  the  pump  or  samplers. 
After  filling  and  capping,  these  bottles  were  inverted  and  checked  for 
air  bubbles.  If  any  were  present,  a  second  sample  was  obtained.  Saie- 
plea  for  trace  metals  were  obtained  in  glass  containers  and  preserved 
with  ultra-pure  nitric  acid.  Saa^les  for  cyanide,  collected  in  a 
l-liter  polyethylene  bottle,  were  immediately  preserved  by  the  addition 
of  sodium  hydroxide.  All  sas^les  were  tightly  capped,  placed  in  a 
thermal  chest  containing  ice,  and  tremsported  to  the  laboratory  for 
further  pretreatment  and  analysis.  Laboratories  utilized  during  the 
study  were  California  Analytical  Laboratories  of  Sacramento,  California, 
and  the  ES  Laboratory  at  Berkeley. 

SPECIFIC  CONDUCTANCE/TENPERATURS  TESTING 

Seven  wells  were  tested  in  the  field  for  specific  conductance  and 
temperature.  These  were  Base  monitoring  wells  MW4,  MW6,  and  HW7,  and 
Stage  I  monitoring  wells  HW19S,  MH190,  MW26S,  and  IW260.  Specific 
conductance  measurements  Indicate  the  presence  and  magnitude  of  dis¬ 
solved  ions  (e.g. ,  salts)  within  the  groundwater.  Groundwater  that  is 
moving  at  a  slow  rate  through  an  aquifer  assumes  some  of  the  chemical 
characteristics  of  the  aquifer  material;  thus,  water  in  a  less  permeable 
aquifer  generally  has  a  higher  specific  conductance  than  water  in  a  more 
permeable  aquifer.  Readings  for  specific  conductance  (measured  in 
umho)  and  tes^rature  were  taken  in  each  well  at  approximate  10-foot 
intervals  to  determine  whether  stratification  was  evident  within  each 
well  and  whether  detectable  differences  could  be  noted  between  the 
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shallow  and  deeper  aquifers.  Data  for  these  wells  are  provided  in 
Chapter  4,  Results  of  Field  Program. 

LOCATING  BASE  PRODUCTION  WELL  7 

Part  of  the  Stage  I  field  program  included  establishing  the  loca¬ 
tion  of  Base  production  well  7,  which  was  closed  about  1956  due  to 
reported  contamination  by  cresylic  acid.  This  was  necessary  since  it 
wets  thought  that  well  7  could  be  a  conduit  for  water  to  travel  from  near 
the  surface  down  to  lower  production  aquifers.  Abandonment  of  the  well 
in  past  years  left  no  clue  on  the  surface  as  to  its  location.  A  search 
of  Base  utility  records  snowed  the  approximate  location  to  be  near  the 
west  side  of  Building  475  in  an  underground  well  house.  The  buried  well 
building  was  located  with  a  magnetic  flux  indicator  (Schonstedt  GA-52 
Magnetic  Locator),  and  the  tops  of  walls  at  the  four  corners  of  the 
building  were  potholed  by  hand. 

The  inside  of  the  building  was  excavated  and  the  well  head  was 
located  in  the  building  basement.  The  well  building  was  approximately 
10  by  20  feet  in  size  and  1 2  feet  deep,  "nie  well  casing  was  extended  by 
a  1 2-inch  steel  casing  to  facilitate  future  site  identification.  The 
extension  of  the  well  is  shown  as  photograph  A  on  Figure  3.9. 

The  concrete-encased  well  head  was  found  to  have  been  fitted  with  a 
non-watertight,  fabricated  steel  cap.  During  excavation,  a  substantial 
amount  of  excess  water  from  the  fill  material  drained  into  the  well.  A 
weighted  line  lowered  into  the  well  met  refusal  at  a  depth  of  80  feet. 
One  of  the  gravel  feed  pipes  to  the  1 2-inch  casing  was  found  to  have 
been  disturbed,  while  another  opening  was  discovered  about  2-1/2  feet 
from  the  top  of  the  well  head.  This  second  opening  was  to  the  gravel 
pack,  which  was  sealed  by  a  24-inch  outer  casing  and  concrete  well  head. 
S^unpling  for  priority  pollutants  was  not  accomplished  because  of  exca¬ 
vated  material  having  entered  the  well.  The  disturbed  feed  pipe  was 
welded  closed. 

Air  Force  records  did  not  indicate  actions  taken,  if  any,  for  aban¬ 
donment  of  BW7.  The  well  could  have  been  backfilled,  grouted,  or  left 
unused.  In  order  to  obtain  a  representative  water  sample,  a  drilling 
program  was  developed  to  clean  out  the  well.  Prior  to  cleaning  out  the 
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w*ll,  a  3-£oo^  long,  12-inch  diameter  steel  casing  extension  was  welded 
onto  the  extension  previously  attached  to  the  located  well.  .  nie  exca¬ 
vated  area  surrounding  the  well  was  backfilled  by  the  Air  Force  to  allow 
a  drill  rig  to  approach  the  casing  for  clean-out.  this  is  shown  as 
photograph  B  on  Figure  3.9.  A  watertight  cap  was  installed  on  the 
24-inch  casing  and  a  aupplemental  lockable  steel  cap  was  fabricated  and 
Installed.  The  coa^leted  «iell  head  Is  sho%m  as  photograph  C  on  Figure 
3.9. 

The  well  log  from  the  time  of  installation  (probably  1943)  sho%fs 
that  the  well  consisted  of  a  12-inch  steel  casing  with  a  double  casing 
in  the  upper  50  feet.  A  diagram  showing  well  construction  of  BW7  is 
presented  on  Figure  3.10.  The  annulus  between  the  two  casings  Is  shown 
as  being  grouted,  and  the  well  %#as  gravel  packed  for  its  entire  depth  of 
398  feet.  Perforations  In  the  %rall  casing  begin  at  about  170  feet  and 
extend  to  the  bottom  of  the  well. 

Rotary-wash  drilling  was  employed  for  clean-out  of  the  well  using 
an  8-inch  drill  bit  and  fresh  water  as  a  drilling  fluid.  During  drill¬ 
ing,  the  well  appeared  clear  to  a  depth  of  60  feet  from  the  ground  sur¬ 
face.  At  this  depth,  hard  material  was  encountered  and  the  cuttings 
showed  a  mixture  of  coarse  sand  and  small  amounts  of  clay  with  some  wood 
chips.  At  80  feet,  the  drill  bit  met  refusal;  the  8-inch  drill  bit  was 
changed  to  a  4-inch  bit,  but  the  drilling  still  encountered  refusal.  At 
this  time,  drilling  was  aborted;  the  refusal  could  have  been  caused  by 
either  a  crooked  casing  or  concrete  having  been  poured  into  the  well  for 
closure. 

Subsequent  interviews  with  Base  personnel  in  the  Water  Department 
revealed  that  the  well  casing  was  possibly  grouted  in  the  late  1960's  or 
early  1970 's  (Cunningham,  1982).  This  would  seem  probable  in  light  of 
the  refusal  during  drilling  at  a  depth  of  80  feet. 

ZNOOSTRIAL  HASTS  LXKB  SDRVSY  NXAR  BUILDING  251 

An  Investigation  of  the  Industrial  waste  collection  system  In  the 
vicinity  of  Building  251  was  performed  in  January  1982.  me  purpose  of 
this  investigation  was  to  determine  if  the  industrial  waste  line  was  a 
possible  source  of  constituents  that  necessitated  closure  of  two  Base 
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FIGURE  3.10 


WELL  CONSTRUCTION  DIAGRAM 
BASE  PRODUCTION  WELL  7 
McClellan  afb,  ca 
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production  wells  in  the  immediate  vicinity.  The  system  includes  a  6- 
inch  PVC  force  main  between  manhole  33  and  the  pump  station  at  Building 
243B,  an  abandoned  4-inch  force  main  between  manhole  33  and  Building 
243G,  and  18-inch  RCP  gravity  lines  between  manholes  32  and  3  3A  and 
between  manholes  32  and  33.  Figure  3.11  shows  the  location  of  these 
facilities. 

The  integrity  of  these  lines  was  evaluated  through  low-pressure  air 
testing  in  accordance  with  ASTM  C  828-78  ^md  in  conformance  with  CAL/ 
OSHA  safety  orders  and  BS  Industrial  Sewer  Entry  Procedures.  Indi¬ 
viduals  entering  manholes  wore  complete  life  support  systems.  The 
photographs  on  Figure  3.12  show  two  people  donning  safety  equipment  and 
making  final  preparations  just  prior  to  manhole  entry.  Appendix  R  con¬ 
tains  a  listing  of  safety  equipment  and  low-pressure  air  test  equipment 
as  well  as  the  sewer  entry  procedures. 

The  6-inch  force  main  was  plugged  and  a  pressure  of  4  psi  (gage) 
was  applied.  This  pressure  held  for  an  appropriate  length  of  tine, 
constituting  a  successful  test.  The  pressure  was  subsequently  boosted 
to  9  psi,  which  again  held  steady. 

Testing  of  the  18-inch  RCP  gravity  line  was  performed  between  the 
vapor  traps  at  manhole  32  and  manhole  33A.  A  maximum  pressure  of  only  2 
psi  was  obtained.  Similarly,  only  1  psi  was  attainable  in  the  section 
between  manholes  32  and  33. 

In  order  to  isolate  areas  of  potentially  high  leakage  in  the  1 8- 
inch  RCP  gravity  line,  an  attempt  was  made  to  test  the  line  in  overlap¬ 
ping  25-foot  lengths.  The  first  section  tested  held  a  meucimum  pressure 
of  only  3  psi.  Malfunction  of  one  of  the  test  plugs  forced  cancellation 
of  further  testing. 

Visual  inspection  of  the  18-inch  RCP  gravity  line,  at  least  38 
years  old,  showed  it  to  be  in  reasonably  good  condition.  However,  the 
joints  probably  are  the  flush-bell-and-spigot-with-mortar  type,  which 
have  a  high  potential  for  leakage  compared  to  more  modem  rubber  ring 
joints.  The  old  joints  could  be  a  possible  source  of  exfiltration 
throughout  the  l 8-inch  gravity  sewer. 
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FIGURE  3.12 


A  drilling  program  was  developed  to  obtain  soil  samples  along  the 
industrial  waste  line  alignment.  Analyses  of  the  samples  for  GC/MS 
organics  and  trace  metals  were  performed  to  identify  potential  soil 
contamination  from  the  waste  line  if  exfiltration  had  occurred  in  the 
past.  Soil  borings  were  completed  at  three  locations  along  the  waste 
line  ^ls  shown  in  Figure  3.13.  Two  of  the  borings  were  located  along  the 
18-inch  diameter  gravity  portion  of  the  line,  %diile  the  third  was  along 
the  6-inch  diameter  force  main.  The  waste  line  slopes  from  north  to 
south  from  a  depth  of  3  feet  by  BW2  to  10  feet  by  BW1 . 

The  three  soil  borings  were  completed  with  an  8-inch  hollow-stem 
auger  at  a  30-degree  slant  from  the  vertical.  Slant  drilling  allowed 
soil  sampling  to  be  performed  directly  beneath  the  waste  line.  The 
holes  were  drilled  to  a  depth  of  20  feet,  and  samples  were  collected  at 
depths  of  15  feet  and  20  feet  with  a  1 -1 /2-inch  split-spoon  sampler. 
Following  each  s^unpling  event,  the  spoon  was  rinsed  in  acetone  and 
deionized  water.  The  satmples  were  collected  in  solvent-washed  glass 
bottles  and  VOA  bottles,  then  refrigerated  and  transported  to  the 
laboratory  for  analysis. 

While  drilling  soil  boring  2,  the  soil  from  the  auger  smelled  of 
fuel;  this  was  not  noticed  at  the  other  soil  boring  locations. 
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CHAPTER  4 


RESOLTS  OP  FIELD  PROGRAM 

Daring  tha  flald  prograa,  the  effects  of  past  waste  management 
practices  on  groundwater  were  Investigated.  nils  chapter  discusses 
and  evaluates  the  results  of  those  Investigations.  Included  are  sec¬ 
tions  on  analytical  data,  the  hydrogeologlc  reglsie,  field  testing,  and 
problem  descriptions.  The  section  on  analytical  data  presents  the 
results  from  laboratory  analyses  of  groundwater  samples  from  Base 
production  wells.  Base  monitoring  wells.  Stage  I  wells,  and  Stage  II 
wells  In  addition  to  discussions  of  data  related  to  potential  source 
areas  and  selected  sites  monitored  during  the  Phase  II  field  program. 
Also  Included  are  discussions  of  the  Industrial  waste  line  siurrey  near 
Building  251,  as  well  as  laboratory  results  for  soli  samples  collected 
beneath  the  waste  line.  The  section  pertaining  to  the  hydrogeologlc 
regime  contains  discussions  on  the  status  of  deeper  aquifers  and  shallow 
sands  as  well  as  results  from  pung>  and  slug  tests.  The  field  testing 
section  covers  establishing  the  location  of  Base  production  well  7,  and 
logging  specific  conductance  and  ten^rattire.  A  svgsmary  of  the  Infor¬ 
mation  presented  In  this  chapter  Is  provided  In  the  final  section  on 
problem  definition. 

ANALTriCAL  DATA 

Groundwater  sasgiles  were  obtained  from  Base  production  wells.  Base 
monitoring  wells,  and  monitoring  wells  Installed  diurlng  Stages  I  and  II 
of  the  field  program.  Specific  constituents  for  analysis  ware  selected 
based  on  materials  used  and  waste  products  generated  and  disposed  at 
McClellan  APB.  Analyses  performed  Included  EPA  priority  organic  pollut¬ 
ants  (volatile  organic  compounds,  acid  and  base/neutral  coeqpounds,  pest¬ 
icides/  herbicides,  and  polychlorinated  biphenyls),  trace  metals,  and 


cyanld*.  Selected  welle  were  also  analyzed  for  cresylie  acid  and 
aliphatic  material  (grease  and  oil)«  Historical  groundwater  information 
and  concurrent  analytical  results  formed  the  rationale  for  these  analy¬ 
ses*  This  section  describee  the  analytical  results  obtained  for  all  the 
wells  on  the  Base,  discusses  analyses  of  soil  saag>lss  collected  near 
Building  2S1  beneath  the  industrial  waste  line,  and  summarizes  the 
results  of  the  waste  line  survey* 

Bacords  of  sampling  events  for  Base  production  wells.  Base  monitor¬ 
ing  wells,  and  Stage  Z  and  IZ  monitoring  Mils  are  contained  in  l^pendi- 
ces  F,  6,  and  H*  Laboratory  results  for  the  constituents  for  tdiich  the 
groundwater  and  soil  saaples  were  analyzed  are  presented  in  Appendices  J 
through  N*  Analytical  procedures  ssployed  are  described  in  Appendix  S* 

Base  Brodnetion  Wells 

Analytical  results  for  those  organic  coa^unds  identified  above 
detection  limits  in  the  groundwater  samples  from  Base  production  wells 
are  presented  in  Table  4*1.  tk>  other  constituents  tested  were  found  in 
sas^les  from  any  of  the  production  wells* 

The  only  wells  that  showed  the  presence  of  volatile  priority 
pollutants  during  saapling  in  December  1981  were  BHI  and  Bir2}  these 
wells  have  since  been  closed*  Though  the  two  wells  are  located  but  a 
few  hundred  yards  apart,  the  trichloroethylene  (TCS)  concentrations 
observed  vary  within  two  orders  of  magnitude  (1,500  ppb  and  10  ppb,  re¬ 
spectively)  *  Although  no  formal  federal  or  state  standard  has  been 
established  for  TCS  in  drinking  water,  the  State  of  California  Depart¬ 
ment  of  Health  Services  has  utilized  5*0  ppb  as  an  "action  level"*  The 
concentrations  of  TCS  detected  in  Base  production  wells  during  Stage  Z 
sampling  events  are  presented  on  Figure  4.1* 

Detectable  concentrations  of  three  other  volatile  organic  ccapounds 
(VOC)  were  also  found  in  samples  from  Base  production  wells  1  and  2* 
These  compounds  were  chloroform  (24  ppb),  1 , 2-trans-dichloroethylene  (23 
ppb),  and  1, l-dichloroethylene  (175  ppb)*  Chloroform  is  a  natural  by¬ 
product  of  chlorine  disinfection,  and  is  used  as  a  solvent  for  oils, 
rubber,  alkaloids,  and  resins*  1 , 1-Dlchloroethylene  is  an  intermediate 
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fox  vinylidonc  polymars.  A  concentration  of  0.24  ppb  was  detected  for 
aroclor  (a  polychlorinated  biphenyl)  In  a  groundwater  aao^le  collected 
In  January  1982  frcn  BH2S. 


Various  concentrations  of  pesticides  and  herbicides  were  detected 
in  all  Base  production  wells.  niese  coi^ounds  Included  2,4-0  and 
2,4,5-T,  the  herbicides  detected  most  frequently  throughout  the  Base. 
The  hipest  concentration  of  2,4-D  detected  was  0.06  ppb  at  BH8.  nils 
value  la  three  orders  of  nagnltude  loiMr  than  the  California  Drinking 
Water  Standard  of  100  ppb  (California  Adalnlstratlve  Code,  Title  22). 
No  current  standard  exists  for  2,4, 5-T.  All  the  herbicides  and  pesti¬ 
cides  found  either  are  currently  used  or  have  been  used  extensively  In 
the  past  for  Sacramento  Valley  agriculture. 

Trace  metal  analyses  of  the  Base  production  wells  showed  concentra¬ 
tions  of  all  the  metals  except  zinc  to  be  at  or  below  limits  of  detec¬ 
tion.  nieae  detection  limits  are  equivalent  to  the  California  DrliOclng 
Water  Standards  for  each  metal  except  zinc,  mercury,  copper,  and  lead. 
The  highest  zinc  concentration  detected  In  any  Base  production  well  was 
0.097  mg/1  at  BW11.  California  Secondary  Drinking  Water  Standards 
reflect  maximum  zinc  levels  of  5.0  mg/1,  more  than  50  times  greater  than 
the  concentration  in  BW11.  Nssults  of  the  trace  metal  analyses  for  all 
Base  production  wells  are  presented  on  Table  4.2. 

Base-Installed  Monitoring  Wells 

A  ccsqplete  BVA  priority  pollutant  scan  was  performed  for  all  Base 
monitoring  walls,  nie  organic  ccotpounds  found  above  detection  limits  In 
these  monitoring  wells  are  identified  in  Table  4.3.  Constituents  which 
were  not  detected  in  any  of  the  Base  monitoring  wells  are  not  listed  in 
the  table. 

Trichloroethylene  wes  detected  in  groundwater  sas^les  from  every 
Base  monitoring  well  except  MW4.  Bccludlng  MW10  through  NW15,  the  TCS 
concentrations  ranged  between  0.54  ppb  at  NW3  to  296  ppb  at  MW8.  The 
detected  TCB  concentrations  in  Base  monitoring  walls  are  shown  on  Figure 
4.2.  The  base/neutral  compound  bis(2-ethylhexyl)phthalato  was  identi¬ 
fied  In  all  of  the  groundwater  samples  at  a  maximimi  concentration  of  100 
ppb»  this  compound  is  commonly  used  in  vacuum  pu^e  and  vacuum  chambers. 
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A  number  of  pesticldes/herbicidee  were  identified,  the  prevalent  ones 
being  2,4-0  and  2,4,5-T. 

The  wells  in  the  sludge  pit  area  (MH10  through  MW1S)  all  shotMd 
high  concentrations  of  volatiles,  particularly  TCE,  methylene  chloride, 
1, 1-dichloroethylene,  and  1 , 1, 1-trlchloroathane,  idiich  are  coam»n  de¬ 
greasing  agents  and/or  associated  lo^uritles.  Monitoring  wells  11,  14, 
and  15  appear  to  contain  the  greatest  nwibers  and  concentrations  of  con¬ 
stituents.  It  should  be  noted  that  MW 14  appears  to  have  been  installed 
directly  within  a  former  sludge/oil  disposal  site;  this  may  be  the 
reason  for  the  high  concentrations  of  groundwater  constituents  detected 
in  this  well. 

Several  trace  metals  were  detected  in  the  Base  monitoring  wells, 
particularly  chromium,  lead,  mercury,  nicicel,  and  zinc.  Data  for  metals 
identified  above  detection  limits  in  these  wells  are  contained  in  Table 
4.4.  Arsenic  and  silver  were  the  only  two  metals  not  detected  in  any  of 
the  Base  monitoring  wells.  (Senerally,  except  for  zinc,  mercury,  copper, 
and  lead,  analytic  limits  of  detection  are  equivalent  to  the  established 
California  Drinking  Water  Standards.  (Wo  state  stamdards  have  been 
established  for  antimony  or  nickel  in  drinking  water . )  Any  other  values 
above  detection  limits  therefore  exceed  drinking  water  standards.  The 
wells  containing  most  of  the  metals  were  MW4,  MW8,  and  MW10,  where 
antimony,  cadmium,  chroadma,  lead,  mercury,  nickel,  selenium,  and  zinc 
were  detected. 

Stage  I  Monitoring  Wells 

Several  shallow  (S)  Stage  I  monitoring  wells  revealed  the  presence 
of  organic  constituents.  Analytical  results  for  priority  pollutants 
found  above  detection  liad.ts  in  the  Stage  I  shallow  wells  are  presented 
in  Table  4.5.  nie  detection  of  compounds  was  not  consistent  over  suc¬ 
cessive  saspllngs.  Constituents  present  from  the  first  sao^ling  were 
often  absent  during  the  second  sampling.  Conversely,  cos^otinds  initi¬ 
ally  absent  were  detected  during  the  second  saiq>ling.  ^oundwater  from 
MW20S,  located  along  the  western  border  of  the  Base,  showed  the  greatest 
nmaber  of  constituents  present.  Benzene  (45  ppb) ,  ethyl  benzene  (220 
ppb) ,  and  toluene  (440  ppb)  were  the  volatiles  identified  above  detec¬ 
tion  liad.ts  in  MW20S}  base/neutral  compounds  detected  in  water  from  that 
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wall  ware  anthracana  (220  ppb),  fluorana  (190  ppb) ,  and  naphthalana  (190 
ppb) . 

Additional  conatltuants  datected  in  tha  Stage  I  shallow  walls  wars 
primarily  trichloroathylena,  pantachlorophanol ,  and  bls(2-athylhaxyl)- 
phthalata.  TCE  data  for  tha  Stage  I  shallow  walls  are  depicted  on 
Figure  4.2.  Other  constituents  (volatiles  and  base/neutral  compounds) 
are  near  limits  of  detection,  except  methylene  chloride  in  well  BOS 
(1,500  ppb).  A  nuBbar  of  pesticides  and  herbicides  were  identified  in 
moat  wells,  predominately  2,4-0  and  2,4,5-T.  Pesticide/herbicide 
results  for  Stage  1  shallow  wells  are  shown  in  Table  4.5. 

Trace  metal  data  for  the  Stage  I  shallow  wells  are  shorn  on  Table 
4.6.  Two  of  the  walls  (Mlf19S  and  MH29S)  contained  all  of  the  metals 
analysed,  except  silver.  Well  23S  showed  detectable  levels  of  all 
metals  except  cadmlimi  and  silver.  Walls  19S  and  23S  border  the  western 
boundary  of  the  Base  adjacent  to  waste  disposal  sites.  However,  MW29S 
is  more  centrally  located  on  the  Base,  without  an  apparent  source  for 
metals.  Several  other  shallow  tmlls  contained  metals,  primarily  anti¬ 
mony  and  mercury.  (tost  of  the  metals  identified  above  analytical 
detection  limits  exceed  allowable  California  drinIcing  water  standards. 

Those  compounds  showing  concentrations  above  detection  lisd.ts  for 
the  Stage  I  deep  wells  are  presented  in  Table  4.7.  Hone  of  the  Stage  X 
deep  wells  contained  organic  constituents  above  detection  liaU.ts,  except 
for  herbicides/pesticides  and  one  base/neutral  compound.  Bis( 2-ethyl- 
hexyl  )phthalate  appears  in  MW18D  and  MW29D  at  concentrations  of  12  and  9 
ppb,  respectively.  The  identified  herbicides/  pesticides  were  similai 
to  those  detected  previously  in  Base  wells,  primarily  2,4-D  and  2,4,5-T. 

Tracs  metal  data  for  the  Stage  X  deep  wells  are  given  on  Table  4.8. 
Trace  metals  in  the  Stage  X  deep  wells  were  near  or  below  limits  of 
detection.  Several  wells  contained  minimal  but  detectable  concentra¬ 
tions  of  cadmiimi  and  marcury,  which  exceed  California  drin)cing  water 
standards  established  for  these  metals  at  0.010  mg/1  and  0.002  mg/1, 
respectively.  Concentrations  exceeding  these  standards  were  detected 
for  cadmitmi  in  HW18D  and  MW27D,  and  for  mercury  in  MW19D  and  MW28D. 
Wall  220  contained  an  anoawlous  concentration  of  chroBU.um  (0.84  mg/1), 
while  all  other  deep  wells  except  HW25D  shOBied  less  than  detectable 
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levels  of  chroed.uoi.  The  California  drinking  water  standard  for  chronlum 
is  0.05  mg/l.  Zinc  was  present  in  over  half  the  deep  wells#  although 
all  concentrations  were  one  order  of  magnitude  lower  than  the  zinc 
secondary  drinking  water  standard  of  S.O  mg/l. 

Stage  II  Monitoring  Wells 

The  groundtiater  samples  from  the  Stage  11  monitoring  wells  were 
analyzed  for  all  BPA  priority  organic  pollutants.  Analytical  results 
for  those  organic  compounds  found  above  detection  limits  in  Stage  11 
wells  are  given  in  Table  4.9.  Compounds  listed  are  those  present  in  one 
or  more  wlls. 

Four  of  the  shallow  (S)  Stage  11  monitoring  wells  showed  the  pres¬ 
ence  of  two  base/neutral  compounds.  Bis(2-ethylhexyl)phthalate,  a 
constituent  commonly  Identified  in  the  Stage  1  wells,  was  detected  at 
concentrations  of  68  ppb  in  MW33S  and  54  ppb  in  MH36S,  while  wells  41S 
and  44s  8ho«ied  low  levels  of  1,2,4-trichlorobenzene  (4  and  8  ppb  re¬ 
spectively).  These  four  wells  (MW33S,  MH36S,  MH41S,  and  MW44S)  also 
contained  various  volatile  organic  compounds,  including  trichloroethy¬ 
lene,  chloroform,  1 , 2-trans-dichloroethylene ,  1 , 1 -dichloroethylene ,  and 
tetrachloroethylene .  TVo  other  shallow  Stage  11  wells  contained  vola¬ 
tile  compounds.  Well  40S  showed  the  presence  of  TCS  at  5  ppb,  and 
chloroform  was  detected  at  5  ppb  in  MH46S.  TCE  data  for  all  Stage  11 
wells  are  presented  on  Figure  4.2.  Most  of  the  shallow  Stage  II  wells 
contained  herbicides  and  pesticides  characteristically  present  in  the 
Stage  I  wells. 

One  deep  well,  MW38D,  was  installed  and  sampled  during  the  Stage  11 
program.  This  well  contained  bis(2-ethylhexyl)phthalate  (42  ppb)  and 
numerous  volatile  compounds  in  addition  to  one  pesticide  (beta-BBC) 
above  detection  limits.  Two  compounds  detected  in  NW38D  which  were  not 
previously  noted  in  the  shallow  wells  were  1, 1-dichloroethane  (75  ppb) 
and  1,1, 2-trichloroethane  ( 5  ppb) . 

Trace  metal  data  for  Stage  11  monitoring  wells  are  listed  in  Table 
4.10.  None  of  the  Stage  II  shallow  wells  contained  trace  metals  above 
liaiits  of  detection  except  for  lead  and  zinc.  Well  380  contained  only 
zinc  (0.09  mg/l)  above  detection  limits.  Zinc  concentrations  in  all 
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STAGS  11 
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stag*  II  wells  were  lower  than  the  California  secondary  drinking  water 
standard  of  S.O  mg/1. 

Selected  Analyses 

In  addition  to  ESK  priority  pollutant  and  trace  metal  analyses, 
selected  analyses  were  performed  on  Stage  I  and  Stage  II  monitoring  well 
samples.  These  data  are  presented  on  Tables  4.11,  4.12  and  4.13.  The 
rationale  for  conducting  these  analyses  was  based  on  historical  Base 
usage  and/or  disposal.  Analyses  included:  a  cresylic  acid  (cresol), 
aliphatlcs  (grease  and  oil),  polychlorinated  biphenyls  (FCB's),  and 
cyanide,  nie  three  wells  tested  for  cresylic  acid  were  MH26S,  MW26D, 
ud  MH40S.  Well  40S  contained  a  detectable  concentration  of  cresylic 
acid  (26  ug/1) ,  where  «>ella  26S  and  26D  did  not  ( <S  ug/D  •  Oses  for 
cresol  depend  on  its  isomer,  although  generally  it  has  been  used  for 
malcing  synthetic  resins,  nie  meta  isomer  is  used  for  fumigants  and  in 
photographic  developers  and  explosives.  ‘nie  ortho  isomer  is  used  as  a 
solvent.  The  occurrence  of  cresol  in  the  groundwater  is  discussed  in 
more  detail  later  in  this  section  with  specific  reference  to  monitoring 
wells  26s,  26D,  and  40S,  located  downgradient  from  Site  38  in  Area  A. 

Aliphatic  material  was  determined  to  be  present  in  wells  20S  and 
200  after  observing  a  grease  film  layer  1/4  to  1/2-lnch  thick  on  the 
water  surface  during  sampling  of  MW20S.  Results  showed  MW20S  to  contain 
915  mg/1  of  grease  and  oil,  while  NW20D  contained  1.8  mg/1.  A  subse¬ 
quent  saoqjling  of  MW20D  after  extended  pumping  showed  no  detectable 
levels  of  aliphatic  material.  Because  of  the  extremely  elevated  levels 
of  grease  and  oil  in  the  shallow  aquifer,  it  is  probable  that  material 
was  transferred  to  the  deeper  zone  during  drilling,  resulting  in  detect¬ 
able  concentrations  dtiring  initial  analyses .  Possible  sources  of  the 
aliphatic  material  in  the  well  are  addressed  later  in  the  discussion 
pertaining  to  Area  C. 

PCB  analyses  were  performed  on  all  Stage  I  and  Stage  II  monitoring 
wells  with  water  present.  Bo  PCB's  were  detected  in  the  wells.  A  more 
detailed  discxission  of  NW17S  and  HW17D,  located  downgradient  of  Site  46 
from  which  PCB  materials  have  been  removed,  is  contained  later  in  this 
section . 
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Cyanide  analyses  were  performed  on  all  Stage  I  and  Stage  II  moni¬ 
toring  wells  that  contained  water.  Cyanide  use  is  widespread,  particu¬ 
larly  in  electroplating  baths  and  for  fuotlgation.  Concentrations  of 
cyanide  above  limits  of  detection  were  found  in  seven  wells  including 
MW16S,  MH25S,  MW26S,  MH29S,  MW36S,  MffdSS,  and  MH21D.  No  specific  past 
or  present  disposal  site  is  located  near  MN29S,  in  which  0.95  mg/1  of 
cyanide  was  detected.  Ho%#ever,  as  mentioned  earlier  in  this  chapter, 
trace  metal  concentrations  %iere  notable  in  MH29S.  An  eurea  previously 
used  to  dispose  metals/  electroplating  waste  is  therefore  likely  to  be 
nearby . 

While  analyzing  the  groundwater  samples  from  all  wells,  a  n\miber  of 
non-priority  pollutants  were  identified  using  GC/MS,  but  their  concen¬ 
trations  were  not  quantified.  A  list  of  these  conpotmds  is  included  in 
Appendix  M. 

Monitored  Source  Areas 

The  locations  of  the  46  disposal  and  storage  sites  identified  in 
Phase  I  of  the  Installation  Restoration  Program  formed  the  basis  for 
selection  of  Phase  II  monitoring  well  locations.  Most  of  the  sites  were 
perceived  as  forming  a  number  of  discrete  clusters  or  source  areas 
throughout  the  Base.  Stage  I  of  the  field  program  was  designed  to 
identify  potential  groundwater  contamination  from  these  individual  sites 
and  site  clusters,  and  the  Stage  II  program  was  implemented  to  further 
define  source  locations  and  single  sources  within  a  cluster  that  had 
shown  evidence  of  affecting  the  groundwater. 

Table  4. 14  delineates  the  relationship  between  the  sites  or  site 
clusters  and  monitoring  wells  Installed  by  the  Base  and  by  ES  during  the 
Phase  II  field  program.  listed  on  Table  4.15  are  the  constituents 
believed  to  have  been  stored  and/or  disposed  at  specific  sites  and  site 
clusters,  along  with  the  constituents  identified  in  monitoring  wells 
located  upgradient  and  downgradient  frcn  each  source  area.  Table  4.16 
identifies  wells  in  each  monitored  site  area  that  contain  volatile 
organics,  in  conjunction  with  disposal  sites  upgradient  from  these 
affected  wells.  The  range  of  concentrations  of  the  most  conmon  volatile 
constituents  in  groundwater  samples  from  affected  wells  in  each  area  are 
presented  in  Table  4.17.  Following  are  brief  discussions  of  potential 


TABLE  4.14 


SOURCE  AREAS/SITES  AMD  CORRESPONDING  MONITORING  WELLS 
McClellan  afb,  California 


Upqradlent  Domgradlent 

Monitoring  Monitoring 

Source  Areaa/Sites  wells  Wells 


AREA  A 


Sites  25,37,38,39,40 

8;  9;  49S 

25S,0;  26S,D; 
27S,D;  28S,D; 
39S;  40S 

AREA 

Sites  30,35,36 

25S,D 

6;  23S,D;  41S 

AREA 

_C 

Subarea  C-1 

Sites  17,18,19,20,21, 
22,28,32,41, 

42,43 

37S 

20S,D;  21S,0; 
22S,Dr  33S; 
34S;  45S 

Subarea  C-2 

Sites  7,8,9, 10,11, 

12,13,14,15,16 

37S 

36S;  44S;  2 

AREA 

_£ 

Sites  1,2, 3, 4,5, 6, 

26,27,33 

19S,D 

38D;  1;  10; 

11;  12;  13; 

14;  15 

Site 

23 

48S 

Site 

24 

24S,0 

Site 

29 

43S 

Site 

31 

43S 

Site 

34 

46S 

Site 

45 

18S,0 

Site 

46 

17S,D 
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TABLE  4.17 


RAMGB  OF  VOLATILE  ORGANIC  COMSTITOENT  COHCENTRATIONS  IN 
GROOHDUATER  FROM  DIFFERENT  SOORCS  AREAS 


Source 

Area 

Disposal  Sites  Dpgradient 
From  Affected  Wells 
Containing  Volatile 
Organics 

Range  of  Concentrations 
of  Most  Common 
Volatile  Constituents 
in  Groundwater 

AREA  A 

25,37,38,34,40 

trichloroethylene:  ND-50  ppb 

AREA  B 

30,36 

1 . 1 - dichloroethylene :  ND-5  ppb 

1 . 2- trans- dichloroethylene: 
ND-10  ppb 

trichloroethylene:  ND-118ppb 

SDBAREA  C-1 

41,42,43 

ethylbenzene:  ND-220  ppb 
toluene:  ND-440  ppb 
trichloroethylene : 

ND-2,000  ppb 

SOBAREA  C-2 

7,8,9,10,11,12, 

13, 14, 15, 16 

1 , 1 -dichloroethylene : 

ND— 30  ppb 

tetrachloroethylene:  ND-5  ppb 
trichloroethylene:  ND-10  ppb 

AREA  D 

1,2,3,4,5,6,26,27 

1. 1 - dichloroethylene: 

500-63,000  ppb 

1.1. 1- trichloroethane : 
ND-12,000  ppb 

trichloroethylene : 

160-14, 100  ppb 

MD  -  not  detected 


source  areas  and  other  selected  locations  on  the  Base  which  were  moni¬ 
tored  during  the  Phase  II  field  program. 

Area  A 

The  constituents  identified  in  the  monitoring  wells  downgradient 
from  Area  A  correspond  to  the  materials  that  were  disposed  in  the  sites 
in  that  area,  except  for  the  pesticides  and  herbicides;  however,  the 
wells  upgradlent  frcsi  Area  A  contain  constituents  for  which  no  apparent 
source  area  or  areas  exist.  The  sources  may  be  industrial  areas  at  the 
northern  part  of  the  Base.  In  Area  A,  Sites  25,  37,  38,  39,  and  40  were 
identified  as  being  upgradlent  from  monitoring  wells  containing  volatile 


organics.  When  groundvfatar  samples  from  wells  in  Area  A  were  analyzed 
for  TCE,  results  ranged  froei  "none  detected"  (MD)  to  50  ppb. 

Base  production  vmII  7,  which  was  previously  abandoned  due  to  the 
reported  presence  of  cresyllc  acid,  is  located  do«mgradlent  from  Build¬ 
ing  475  (Site  38).  From  1942  until  the  late  1950 's,  this  site  operated 
as  an  aircraft  reciprocating  engine  repair  shop  Md  solvent  recovery 
area  for  cresyllc  acid  and  dichlorobenzene.  Monitoring  wells  26S  and 
26D  were  Installed  1,000  feet  downgradlent  from  BH7  and  were  tested  for 
cresyllc  acid.  Analyses  showed  concentrations  to  be  lovrar  than  detec¬ 
tion  limits.  Based  on  these  results,  cresyllc  acid  did  not  appear  to  be 
migrating  In  the  ground%rater  beyond  the  production  well.  Monitoring 
well  40S  was  then  Installed  approximately  250  feet  dotmgradlent  from  the 
production  well.  Cresyllc  acid  tns  found  to  be  present  In  MW40S  at  a 
concentration  of  26  ug/l>  Indicating  that  past  activities  at  Building 
475  could  be  the  source. 

Monitoring  well  39s  Is  located  upgradlent  from  monitoring  wells  25S 
and  250,  and  downgradlent  from  disposal  site  25  (burial  pit) .  TCE  was 
Identified  in  HW2SS  and  could  have  originated  from  Site  25.  However,  no 
volatile  compounds  were  detected  In  MW39S,  Indicating  that  the  source  of 
TCE  in  MW25S  probably  Is  not  currently  burial  site  25.  Monitoring  well 
27S  contained  measurable  levels  of  TCE  and  pentachlorophenol  Indicating 
that  Site  39  may  have  caused  groundwater  problems. 

Area  B 

In  Area  B  Sites  10  and  36  were  Identified  as  being  upgradlent  from 
monitoring  wells  containing  volatile  organics.  Concentrations  In  this 
monitoring  area  ranged  from  ND  to  5  ppb  for  1 , 1-dlchloroethylene;  HD  to 
10  ppb  for  1,2-trans-dlchloroethylene;  and  ND  to  118  ppb  for  trichloro¬ 
ethylene.  Monitoring  well  4  IS  was  Installed  downgradlent  from  MW25S  and 
MM2SD,  both  of  which  showed  the  presence  of  TCE.  Well  4  IS  was  to  aid  In 
establishing  the  extent  of  TCE  migration.  Analysis  of  the  well  showed 
volatile  compounds  present.  Including  TCE.  However,  the  source  may  have 
been  disposal  site  36,  which  was  used  for  the  open  storage  of  plating 
shop  chemicals  from  1958  to  1980.  Monitoring  well  27S  (located  down- 
gradient  from  Area  B  at  the  Base  Isoundary)  contained  15  ppb  of  TCE  and 
120  ppb  of  pentachlorophenol. 
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Area  c 


Subarea  C-1 .  Zn  Subarea  C-1  Sites  17,  18,  19,  20,  21,  22,  28,  32, 
41,  42,  and  43  were  identified  as  being  upgradient  from  monitoring  wells 
containing  volatile  organic  constituents .  Concentrations  of  these 
volatile  compounds  ranged  from  ND  to  220  ppb  for  ethyl  benzene;  HD  to 
440  ppb  for  toluene;  and  MD  to  2,000  ppb  for  trichloroethylene. 

A  burial  pit  designated  Site  43  la  located  near  monitoring  wells  . 
20S  and  200.  %e  pit  collected  demolition  debris  and  probably  received 
spills  and  discharges  of  oily  wastes  in  the  1940 's.  Analysis  of  MH20S 
groundwater  samples  shotwd  the  presence  of  volatile  and  base/neutral 
constituents,  several  trace  metals,  and  a  high  concentration  (915  mg/1) 
of  aliphatics  ( grease  and  oil) .  Installation  of  MH34S  during  Stage  II 
was  to  have  more  clearly  defined  the  source  of  aliphatic  material  found 
in  MmOS.  BotMver,  the  well  %#as  dry  during  sampling  (dry  season  months) 
and  data  are  not  available.  Monitoring  of  MW34S  during  the  wet  season 
will  more  clearly  identify  the  source.  Well  33S  was  installed  down- 
gradient  from  MH20S  to  identify  potential  migration  of  aliphatic  mate¬ 
rial.  Results  do  show  the  presence  of  grease  and  oil  in  MU33S  (5.7 
mg/1).  nie  aliphatic  material  appears  to  be  moving  southward  through 
the  groundwater. 

Monitoring  well  45S  was  located  downgradient  from  Site  21  (sludge/ 
oil  pit)  to  ascertain  potential  point  source  areas  for  constituent  move¬ 
ment  to  groundwater.  However,  no  constituents  were  found  in  the  well. 

Subarea  C-2.  In  Subarea  C-2  Sites  7,  8,  9,  10,  11,  and  16  were 
Identified  as  being  upgradient  from  monitoring  wells  containing  volatile 
organic  constituents.  Concentrations  of  these  volatile  compounds  ranged 
from  MD  to  30  ppb  for  1 , 1-dichloroethylene;  MD  to  5  ppb  for  tetrachloro- 
ethylene;  and  MD  to  10  ppb  for  trichloroethylene. 

Monitoring  well  36S  is  located  along  the  western  Base  boundary 
ismediately  northwest  of  the  burial  pits  designated  as  Sites  9  through 
14.  The  well  was  completed  into  the  shallow  aquifer  to  determine 
off-base  flow  of  constituents  in  the  groundwater.  Constituents  do  not 
appear  to  be  leaving  the  Base  in  this  area;  analysis  of  the  well  shows 
it  to  be  virtually  "clean". 
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Monitoring  «rall  44S  was  located  downgradlent  fron  Site  15  (sodium 
valve  trench) .  Well  44S  does  Identify  potential  point  sources  for 
shallow  groundwater  constituents,  although  concentrations  appear  mini¬ 
mal.  'Rie  only  constituents  present  were  1, 2,4-trlchlorobenzene  (8  ppb) , 
trichloroethylene  (10  ppb),  and  1 , 1-dlchloroethylene  (30  ppb)  which  were 
probably  not  contributed  by  Site  15. 

Area  D 

In  Area  0  sites  1,  2,  3,  4,  5,  6,  26,  and  27  were  Identified  as 
being  upgradlent  from  monitoring  wells  containing  volatile  organic 
compounds.  Concentrations  for  selected  volatile  compounds  ranged  from 
500  to  63,000  ppb  for  1 , 1 -dlchloroethylene ;  ND  to  12,000  ppb  for  1,1,1- 
trlchloroethane f  and  160  to  14,100  ppb  for  trichloroethylene. 

Monitoring  well  37S  Is  located  Ismedlately  domgradlent  from  dis¬ 
posal  site  33.  This  site  was  used  for  temporary  (2  to  4  months)  land- 
fanning  of  Industrial  waste  treatment  sludge  during  1972.  Although 
MW37S  was  located  near  a  possible  source  of  material,  constituents  were 
not  detected  In  the  well. 

Monitoring  well  380  at  the  western  boundary  of  the  Base  was  coer- 
pleted  In  the  second  sands.  The  surrounding  area  contains  several 
monitoring  wells  Installed  by  the  Base  In  1980.  All  of  the  Base  moni¬ 
toring  wells  have  shown  high  concentrations  of  organic  constituents  at 
each  sampling  period  during  the  past  two  years.  Sources  of  these  con¬ 
stituents  are  located  In  disposal  sites  clustered  to  the  east  of  MW38D 
(Sites  4,  5,  6,  and  26).  Each  of  these  waste  disposal  sites  contains 
various  burled  materials  Including  Industrial  sludge  and  oil,  fuel,  and 
solvents.  Analyses  of  MW3SO  reveal  the  presence  of  particularly  vola¬ 
tile  constituents.  However,  because  of  the  extremely  elevated  concen¬ 
trations  of  these  constituents  found  In  the  shallow  sands,  It  Is  pre- 
smaed  that  these  were  transferred  to  the  deeper  aquifer  during  drilling 
of  MW38D. 

Analysis  of  samples  frcm  monitoring  wells  10  through  15  revealed 
consistently  high  levels  of  TCE  and  other  volatile  organics.  Monitoring 
wells  10,  11,  and  15  were  located  In  proximity  to  the  downgradlent  Base 
boundary  In  this  area. 


H3lf 
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site  24 


Located  downgradlent  at  a  distance  from  Site  24,  monitoring  wells 
24S  and  240  did  not  reveal  the  presence  of  significant  levels  of  con¬ 
stituents  . 

Site  29/Slte  31 

Monitoring  well  43S  (located  do%mgradlent  at  a  distance  from  both 
Site  29  and  Site  31)  did  not  contain  volatile  organics  or  trace  metals. 
This  Indicates  that  these  sites  probably  are  not  causing  groundwater 
quality  problesis. 

Site  34 

Monitoring  %#ell  46S  was  placed  immediately  adjacent  to  past  dis¬ 
posal  site  34  (underground  waste  solvent  storage  tanks) .  nie  tanks  do 
not  appear  to  be  point  sources  for  movement  of  constituents  to  ground- 
water.  Analytical  results  show  only  chloroform  (S  ppb) ,  lead  (0.018 
mg/1),  and  cyanide  (0.02  mg/1)  detected. 

Site  45 

Monitoring  wells  18S  and  18D  were  located  downgradlent  from  Site 
45,  a  paint  burial  pit  which  was  operated  In  the  1950 's.  Analytical 
data  for  these  two  wells  show  that  they  are  practically  "clean".  Ex¬ 
cluding  the  herbicides  and  pesticides,  detectable  compounds  In  MW18S 
Included:  pentachlorophenol  (6  ppb),  bls(2-ethylhexyl)phthalate  (8 
pbb) ,  and  mercury  (0.0016  mg/1).  Well  18D  contained  only  bl8(2-ethyl- 
hexyl ) phthalate  (12  ppb)  and  cadmium  (0.09  mg/1).  Constituents  from 
this  site  do  not  appear  to  be  migrating  Into  groundwater. 

Site  46 

Disposal  site  46  Is  the  location  of  an  old  salvage  yard  operation 
where  PCB  contamination  had  been  Identified  In  surface  soil  In  a  mnall 
area  adjacent  to  the  runway  clear  zone.  Salvage  operations  were  conduc¬ 
ted  by  a  previous  owner  from  the  mld-1960’s  through  1978.  The  site  Is 
located  at  the  northwestern  comer  of  the  Base,  with  groundwater  flow 
toward  the  southwest.  The  soils  containing  PCB's  were  removed  by  the 
Air  Force  In  a  program  approved  by  the  state  DORS  and  the  Central  Valley 
RNQCB  and  transported  to  a  permitted  PCB  site.  Site  46  comprised  about 
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2.6  acres  and  at  some  points  was  excavated  to  a  depth  of  two  feet. 
Material  was  removed  that  had  PCB  concentrations  greater  than  50  ppm. 
'Rie  excavation  was  started  In  July  1981  and  was  completed  in  September 
1981.  The  material  was  transported  to  the  Grandview  Site  B  disposal 
facility  (IC  Number  IDD07314654)  In  Grandview,  Idaho. 

Wells  17s  and  17d  were  located  directly  downgradient  from  the 
disposal  site  to  determine  the  extent  of  PCB  migration.  If  any.  PCB's 
were  absent  from  all  monitoring  wells  on  the  Base,  Including  MW17S  and 
MM17D. 


Opqradlent  Base  Boundary 

The  location  of  monitoring  wells  16S  and  16D  was  selected  to  de¬ 
termine  the  quality  of  the  groundwater  entering  McClellan  AFB.  The 
shallow  well,  MW16S,  showed  the  presence  of  pesticides  and  herbicides, 
but  no  volatile,  acid,  or  base/neutral  compounds  were  detected  In  this 
well.  Cyanide  was  detected  In  the  shallow  well  at  0.02  mg/1.  In 
subsequent  sampling  of  MW16S,  1, 1-dichloroethylene  and  TCE  were  each 
identified  at  concentrations  of  10  parts  per  billion.  This  shallow  well 
was  resampled  on  8  October  1982,  and  no  constituents  were  Identified 
other  than  pesticides  and  herbicides.  Other  background  wells  were  also 
relatively  "clean". 

Downgradient  Base  Boundary 

Monitoring  well  42S  was  located  at  the  southern  Base  border  to 
Identify  potential  constituent  migration  from  the  Base.  Analytical 
results  showed  no  constituents  detected,  except  zinc  at  0.04  mg/1. 

Monitoring  well  43S  was  Installed  along  the  southwestern  border  of 
the  Base  to  Identify  potential  off-base  movement  of  constituents  In  the 
shallow  aquifer.  Monitoring  well  7,  located  just  south  of  MH43S,  has 
shown  TCE  concentrations  In  the  past.  However,  analysis  of  MW43S 
detected  no  constituents. 

Monitoring  wall  47s  was  located  near  the  southwestern  Base  boundary 
to  identify  potential  migration  of  groundwater  constituents  off  Base. 
Lead  was  the  only  constituent  present  in  the  ground%rater ,  sho«d.ng  a 
concentration  of  0.017  mg/1. 
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Monitoring  well  2  OS  located  at  the  middle  of  the  western  Base 
boundary  in  Subjurea  C-1  contained  measureUsle  levels  of  trace  metals  as 
well  as  45  ppb  of  benzene,  220  ppb  of  ethyl  benzene,  and  440  ppb  of 
toluene  at  one  sampling. 

Monitoring  wells  10,  11,  and  15  were  located  at  the  northwestern 
Base  bound2u:y  downgradient  from  Area  0.  Appreciable  levels  of  volatile 
organics  were  measured  in  groundwater  samples  from  these  wells.  For 
example,  1 , 1 -dichloroethylene  «ias  measured  at  19,300  ppb  and  63,000  ppb 
in  two  successive  samplings  at  well  11. 

Industrial  Waste  Line  Survey  and  Soil  Sampling  Hear  Building  25 1 

During  investigation  of  the  industrial  waste  line  near  Building 
251,  the  6-inch  PVC  force  main  passed  the  air  test  at  4  psi  and  9  psi. 
The  force  main  is  therefore  assumed  to  be  in  acceptable  condition.  All 
Industrial  gravity  sewers  tested  failed  the  air  test,  indicating  a  high 
potential  for  exfiltration  of  waste.  The  industrial  gravity  sewer  is  in 
excess  of  38  years  old.  It  is  likely  that  the  joints  are  flush-bell- 
and-spigot-with-mortar  joints  and  that  the  majority  of  these  joints  may 
leak.  The  abandoned  4-inch  force  main,  which  discharged  to  the  manhole 
33  outlet,  should  at  least  be  plugged  at  the  manhole  33  outlet  and 
should  perhaps  be  removed  entirely. 

In  1944  manhole  33a  was  replaced  with  a  vapor  trap  structure  by  the 
OS  Army  Corps  of  Engineers.  The  abandoned  manhole  33A  and  inlet  and 
outlet  lines  were  left  in  place  and  available  plans  indicate  that  they 
were  plugged.  nxis  manhole  is  now  partially  filled  with  sludge.  The 
manhole  and  lines  should  be  removed  and  disposed.  The  replacement  vapor 
trap  structure  traps  sludge  and  should  be  periodically  flushed. 

In  1944  a  manhole  in  the  vicinity  of  manhole  30  was  also  replaced 
by  a  vapor  trap  structure.  In  1954  the  vapor  trap  structure  by¬ 
passed  by  manholes  92,  30,  and  30A.  From  the  Corps  of  Engineers  plan  of 
1954,  it  appears  that  there  are  two  15-inch  drains  from  Building  251  and 
an  18-inch  storm  drain  overflow  still  connected  to  the  abandoned  vapor 
trap  structure  and  that  all  the  outlets  were  plugged. 

Mo  volatile,  acid,  or  base/neutral  compounds  were  identified  above 
detection  limits  in  any  of  the  soil  samples  obtained  during  drilling 
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under  the  industrial  waste  line  near  Building  251.  A  number  of  pest¬ 
icides  and  herbicides  were  present  in  all  the  samples.  Table  4.  18 
presents  the  results  for  organic  analyses  of  soil  samples  collected  at 
this  site. 

Trace  metals  were  detected  in  all  of  the  soil  samples  obtained 
beneath  the  industrial  waste  line.  I^ese  data  are  presented  in  Table 
4.19.  Generally,  metals  showed  highest  concentration  levels  in  the 
first  soil  boring  at  a  15-foot  depth,  where  arsenic  was  detected  at 
137.5  mg/kg  and  selenium  at  23.7  mg/kg. 


HYDROGSOLOGIC  REGIME 

The  hydrogeological  investigations  conducted  during  the  field  pro- 
graun  resulted  in  the  identification  of  three  different  conditions  under 
which  water  occurs:  (1)  as  perched  water  within  shallow,  discontinuous, 
and  localized  water-bearing  material  at  depths  ranging  from  30  to  50 
feet;  (2)  under  unconfined  conditions  within  shallow  water-bearing  sands 
ranging  in  depths  from  about  80  to  100  feet;  and  (3)  within  deeper 
water-bearing  material  at  over  120-foot  depths,  consisting  of  ntmercus 
aquifers  with  water  under  confined  conditions. 

Perched  Water 

The  perched  water  is  of  a  localized  nature,  with  no  continuity  off. 
the  Base.  There  are  no  monitoring  wells  installed  in  these  perc-sf 
zones  and  therefore  no  data  on  the  quality  of  that  water.  Since 
areal  extents  of  the  perched  zones  are  limited,  migration  of  that  ware' 
is  not  considered  likely,  “nie  analytical  results  of  groundwater  samp-.e*^ 
from  the  deeper  water-bearing  materials  indicate  a  range  of  concertr." 
tions  of  chemical  constituents  that  is  below  established  standards-  hs 
a  consequence,  the  main  focus  of  the  hydrogeological  investigations  ^as- 
been  to  establish  the  characteristics  of  the  water-bearing  material? 
found  at  a  depth  of  about  80  to  100  feet.  It  is  within  this  stratur^ 
that  the  highest  concentrations  of  chemical  constituents  were  •'cure 
throughout  the  Base. 
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BUILDING  251  SOIL  BORINGS  BENEATH  INDUSTRIAL  NASTE  LINE 
TRACE  HETALS  IDENTIFIED  IN  SOIL  SAHPLES 
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Deeper  ftqviifers 

The  deeper  water-bearing  materials  found  at  depths  ranging  from  120 
feet  to  160  feet  consist  of  silty  sands  that  are  of  medium  grain  size. 
Some  traces  of  gravel  were  found  in  borings  for  wells  along  the  eastern 
side  of  the  Base.  The  sands  appear  in  at  least  three  distinct  levels  on 
the  Base  at  depths  of  120  feet,  140  feet,  and  160  feet.  These  three 
different  zones  may  not  be  interconnected.  The  thickness  of  the  sands 
may  vary  and  there  may  be  additional  lenses  at  greater  depths.  Water 
within  all  the  deeper  sands  are  under  confined  conditions  with  heads 
averaging  40  feet  (i.e.,  the  water  levels  in  the  wells  are  at  an  average 
of  about  40  feet  above  the  top  of  the  water-bearing  sands).  Nowhere 
were  the  heads  of  the  confined  deeper  aquifers  observed  to  be  above  the 
shallow  groundwater  levels.  Examination  of  water  level  data  from  the 
wells  penetrating  the  deeper  sands  shows  a  general  trend  of  groundwater 
flow  from  north  to  south.  Drawdowns  in  water  levels  in  the  deeper  wells 
range  from  one  to  over  four  feet  over  a  four-month  period.  Bie  variance 
in  drawdowns  could  be  a  result  of  lenticular  and  discontinuous  sands 
and/or  potential  interferences  from  nearby  on-line  production  wells. 

During  sampling  of  the  Stage  I  multiple-completion  wells,  the 
deeper  wells  were  pumped  to  evacuate  about  five  casing  voliznes  of  water; 
during  pumping,  the  water  levels  within  the  adjacent  shallow  wells  were 
monitored  to  determine  potential  hydraulic  continuity  between  the  deep 
and  shallow  water-bearing  sands.  For  the  selected  wells  that  were 
observed,  no  continuity  between  the  shallow  and  deep  sands  was  noted. 
At  a  constant  pumping  rate  of  about  1  gpm  during  sampling  events,  none 
of  the  deep  wells  ran  dry  and  only  a  minimal  drawdown  ( less  than  one 
foot)  was  observed  after  pumping  ceased;  one  exception  was  well  19D. 
which  showed  about  a  7-foot  drawdown  after  three  well  casing  volumes  had 
Ibeen  removed.  The  general  lac)i  of  drawdown  in  the  wells  after  pumpinc 
Indicates  that  the  deeper  sands  are  good  producers  of  water.  This  is 
further  substantiated  by  the  fact  that  production  wells  on  the  Base  draw 
about  1,100  gpm  from  the  deeper-lying  aquifers,  including  the  second 
water-bearing  zone,  with  a  maximvmi  drawdown  of  25  feet. 
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Shallow  Sanda 


Ourln?  the  entire  field  prograa,  a  total  of  32  shallow  wells  were 
installed.  Throughout  the  Base,  a  shallow  groundwater  table  was  gener¬ 
ally  encountered  at  depths  ranging  from  approxlaiately  80  feet  to  100 
feet  below  ground  surface,  or  about  20  feet  to  33  feet  below  mean  sea 
level  (water  levels  were  sMasured  in  September  1982).  the  water  is  con¬ 
tained  within  fine-grained  sands  of  variable  thickness.  The  water-bear¬ 
ing  sanda  may  be  discontinuous  or  have  variable  permeabilities  under  the 
Base.  Hell  logs  are  presented  schematically  on  Figures  4.3,  4.4,  and 
4.5  for  three  cross-sectional  areas  on  the  Base;  these  figures  show  the 
intricate  interbedded  nature  of  the  sediments  identified  during  the 
field  program.  The  well  logs  show  the  sediments  above  and  immediately 
below  the  shallow  aquifer.  A  determination  of  the  continuity  of  the 
shallow  sands  is  not  possible;  however,  it  should  be  noted  that  since 
shallow  groundwater  is  present  throughout  the  Base,  it  can  be  asstxsed 
that  the  sands  are  interconnected,  but  may  vary  laterally  in  permeabili¬ 
ty. 

‘Hie  thickness  of  the  shallow  water-bearing  sands  varies  at  differ¬ 
ent  monitoring  well  locations.  In  the  northern  part  of  the  Base,  the 
sands  were  found  to  be  as  little  as  one  foot  thick,  with  a  general 
increase  in  thickness  to  the  south-southwest.  In  the  southern  part  of 
the  Base  by  MH43S,  the  sands  reach  thiOoissses  up  to  17  feet.  'Rie 
average  thickness  of  the  sands  is  about  6  feet. 

A  generalized  fence  diagram  is  shown  on  Figure  4.6.  On  this  dia¬ 
gram,  the  sediments  underlying  the  Base  have  been  divided  into  two  types 
of  materials:  fine-grained  (clays  and  silts)  and  coarse-grained  (sands, 
silty  sands,  and  clayey  sands).  This  figure  was  prepared  on  the  basis 
of  data  contained  in  the  geologic  logs  shown  in  Appendix  E.  The  lateral 
and  vertical  extents  of  the  materials  and  their  continuity  in  the  areas 
between  the  monitoring  well  locations  are  an)aiown  but  have  been  pre¬ 
sented  diagranmatically  to  provide  an  overview  of  the  subsurface  condi¬ 
tions;  the  diagram  should  not  be  construed  to  represent  actual  sub¬ 
surface  conditions,  but  should  be  viewed  simply  as  a  graphic  presenta¬ 
tion  of  the  collected  data. 
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(FOR  LOCATION  OF  CROSS-SECTIONS  SEE  FIGURE  4.2) 

HORIZONTAL  SCALE  1"=  1000' 

VERTICAL  SCALE  I”  =80' 

COARSE-GRAINED  MATERIAL  (SANDS) 

Q  FINE-GRAINED  MATERIAL  (SILTS  AND  CLAYS) 

X  GROUNDWATER  LEVEL 

NOTE: 

This  diaeram  was  prepared 
based  on  the  geologic  logs 
presented  in  Appendix  0. 

The  indicated  types  of  sediments 
err  general  and  contain  numerous 
interfingering  I enses  of 
finer  and  coarser-grained  material. 

Lenses  of  less  than  5  feet  in 
thickness  are  not  included 
on  this  diagram. 

GENERALIZED  GEOLOGIC  FENCE  DIAGRAM 

McClellan  afb.  California 

V 
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nia  shallow  water-baarin?  sands  ara  ovarlain  by  coarsa  and  fina- 
grainad  natarlal.  Tha  flnar-grainad  materials  (clays  and  silts)  reach 
considerable  thic)cnasaas  in  places,  niese  sediments  generally  have  very 
low  permeabilities  inhibitive  to  vertical  movement  of  water;  hardpan 
encountered  in  nimerous  monitoring  well  locations  likewise  restricts 
vertical  transmission  of  water.  Therefore,  the  groundwater  recharge  to 
the  shallow  sands  is  probably  not  occurring  directly  from  precipitation 
on  the  Base,  but  rather  from  an  area  upgradient  where  the  sediments 
storface.  The  general  dip  of  sediments  from  the  Victor  and  Fair  Oaks 
Formations  is  from  east  to  west  with  a  minimxmi  slope  of  5  feet  per  mile 
(California  Department  of  Hater  Resources,  1974).  Thus,  the  maximum 
distance  to  a  recharge  area  for  the  shallow  water-bearing  sands  would  be 
about  14  miles  east  of  the  Base  (assuming  an  average  depth  of  the  sands 
as  80  feet  below  the  ground  surface) .  Precipitation  falling  in  the 
recharge  area  would  enter  the  sands  and  flow  downgradient  through  the 
aquifer  system.  The  shallow  water-bearing  sands  are  present  along  the 
southern  Base  boundary  and  continue  off  Base  downgradient  toward  the 
City  of  Sacramento.  nie  exact  lateral  and  vertical  extents  of  the 
shallow  sons  are  not  1cno%m,  but  the  Victor  and  Fair  Oaks  Formations  both 
extend  southward  beneath  Sacramento.  Hater  within  any  of  the  water¬ 
bearing  sands  would  travel  toward  the  groundwater  trough  near  the  city 
of  Sacramento  unless  extracted  by  punning. 

The  pump  tests  performed  at  MH44S  failed  to  cause  responses  in  the 
nearby  piezooMters.  However,  recovery  measurements  taken  during  punning 
of  well  44S  were  used  to  estimate  the  permeability  and  transmissiblllty 
of  the  shallow  sands  in  that  location.  Data  from  these  tests  are  con¬ 
tained  in  ^pendix  0.  Tranamissibility  near  MH44S  was  determined  using 
Jacob's  modification  to  the  Theis  equation: 


where  T  «  transmisslbility  (gal/day/ft) 

Q  >  discharge  from  pump  (gal/mln) 

Ah’  *  change  in  residual  drawdown  (ft/log  cycle  of  time) 

Tranmid.ssibility  in  the  shallow  zone  near  MH44S  was  estimated  to  be  21 
gal/day/ft,  based  on  a  pump  discharge  rate  of  0.82  gal/min  and  a  10-ft 
change  in  residual  drawdown. 


Permeability  (K)  is  obtained  from  the  relationship  between  trans- 

miaslbllity  (T)  and  aquifer  thichneas  (b),  where  K  ~  T/b.  The  perme- 

2 

ability  for  the  MW44S  area  is  thus  estimated  to  be  4.2  gal/day/ft  > 
assming  an  aquifer  thickness  of  S  feet.  Based  on  water  level  measure¬ 
ments  taken  in  September  1982,  the  groundwater  levels  on  the  Base  range 
from  20  feet  to  33  feet  below  sea  level  in  a  northeast-southwest  direc¬ 
tion;  this  represents  a  gradient  of  3.7  feet  per  mile.  The  es‘:iiiiated 
velocity  of  the  groundwater  in  the  shallow  sands  in  the  MH44S  area  thus 
would  be  about  8  feet  per  year  (velocity  equals  the  permeability 
multiplied  by  the  groundwater  gradient) .  Ihis  velocity  estimate  is 
localized  and  does  not  account  for  the  influence  of  area  punping  or 
changing  aquifer  characteristics,  bocal  punning,  especially  by  adjacent 
off-base  water  supply  wells,  could  increase  the  gradient  of  the  ground- 
water  and  therefore  increase  its  velocity  in  that  particular  area. 

Slug  test  data,  also  presented  in  J^pendlx  0,  were  emalyzed  accord¬ 
ing  to  the  methods  described  in  bohman  (1972): 


where  T  «  transmisslbility 

r^  >  radius  of  mil  casing 
t  >  time  (determined  from  a  match  plot) 

The  slug  tests  performed  on  MH24S  showed  an  average  transnissibility  of 

2 

about  S  gal/day/ft  and  a  permeability  of  0.8  gal/day/ft  •  This  is 
considerably  less  than  the  permeability  estimated  from  the  pump  test  at 

MW44S.  Generally,  good  aquifers  have  permeabilities  ranging  from  10^  to 

2  2  -2  2 
10  gal/day/ft  while  poor  aquifers  range  from  10  to  10  gal/ day/ft  , 

-3  2 

with  Inqwrvious  materials  having  permeabilities  below  10  gal/day/ft  . 

Groundwater  level  data  oi>'  lined  in  Septeaiber  1982  for  all  ES  and 
Base  monitoring  wells  were  used  for  the  development  of  a  generalized 
groundwater  contour  map  for  the  Base  which  is  shown  on  Figure  4. 7 ;  these 
conto«irs  assume  a  continuous  shallow  aquifer  underlying  the  Base.  nie 
general  groundwater  movement  is  toward  the  south-southwest.  Pushing  of 
off-base  wells  along  the  western  Base  boundary  appears  to  influence  the 
local  groundwater  in  that  area,  causing  it  to  flow  to  the  west.  Based 
on  the  water  level  measurements  taken  at  the  monitoring  wells,  pumping 
of  Base  production  wells  does  not  appear  to  Influence  the  shallow 


4-59 


•  CW  132 


Ov 

04 


\ 


I 


)i(  CW  ISO  / 


c^4 


/  \ 


\  \  \ 


% 


(5) 


RUSSELL  JK-  I  I 


•  '  I 

/  / 


\  ' 


\  \ 


\  V  wV 


\ 


^  Sr 
(T, 


\ 


/ 


/ 


1  \  ' 


•  '  I 

»  \  ' 

*  • 


i  ! 


■  • 
/  / 


I 


I 


!  / 


/ 


I 


\  \ 


\  \ 


i  \ 


i  \ 


* 

I 


/ '  / 
i  /  / 

/  / 

/ 


/ 


/ 


//  / 

'  iL  / 

/  /. 


/  ! 


/  ! 


/  / 


/  / 


►/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


! 


/ 


/ 


/ 


9 

/ 


/ 


a 


m 


FIGURE  4.7 


]B(  Hioos  O  tucker 


LEGEND 

Gfoundaraler  Levels 
m  Feel  beioMF  iml 
(Dashed  where  inierredl 


(leneral  Direction  of 
(jroundsfaler  Movement 


Groumtaiater  Movement 
Influenced  by  Local 
Fhjmping  Wlafls 


o 


)a(  « 


on-base  privale  wel 
on-base  cfly  wefl 
(Sacramentol 
Glased  wel 


ESTIMATED  GROUNDWATER 
CONTOURS  FOR  THE 
SHALLOW  AQUIFER 
SEPTEMBER  1982 

McClellan  afb,  ca 

,  ENGINEERING-SCIENCE  j-- 


groundwater  contours  in  the  southern  part  of  the  Base.  This  is  probably 
due  to  the  well  design  of  these  production  mils.  Base  production  well 
17  is  a  c2d>le-tool  well,  with  perforations  below  the  shallow  aquifer, 
and  no  gravel  pack;  Base  production  well  13  may  be  constructed  similarly 
since  it  was  installed  at  approximately  the  same  time  as  BW17. 

The  two  aquifer  tests  conducted  in  the  middle  of  the  Base  (MH44S) 
and  along  the  southern  boundary  (MH24S)  showed  variability  in  the 
thickness  and  permeability  of  the  shallow  aquifer,  mese  tests  confirm 
field  observations  d\iring  well  installation  and  sampling  events  regard¬ 
ing  changing  characteristics  of  the  shallow  water-bearing  zone.  The 
rate  of  movement  of  water  through  the  shallow  sands  may  therefore  vary 
considerably.  Water  supply  wells  located  off  Base  to  the  southwest  emd 
to  the  west  have  shown  contamination  by  TCE.  To  the  southwest,  ranging 
from  the  Base  boundary  to  as  far  as  3,000  feet  from  the  Base,  several 
private  ;uid  public  water  supply  wells  have  been  shut  down  at  various 
intervals  since  1980  in  response  to  changing  concentrations  of  TCE  in 
the  well  water.  Zamiediately  inside  the  southern  Base  boundary  lies  the 
cluster  of  sites  designated  as  Area  B,  where  materials  such  as  TCE, 
Freon,  diethyl  ether,  scrap  metal,  and  plating  chemicals  were  probably 
disposed  and  stored.  The  sites  in  Area  B  were  active  from  as  early  as 
World  War  ZZ  to  as  late  as  1980,  or  about  40  years. 

Along  the  western  boundary,  TCE  contamination  has  been  detected  in 
wells  within  1,000  feet  of  the  Base.  Area  D  is  located  along  the  Base 
boundary  closest  to  the  off-site  wells  that  have  shown  contamination. 
Prom  the  late  1940 ’a  to  1981,  sites  within  Area  D  are  reported  to  have 
handled  TCE-contaminated  wastes,  waste  solvents,  undewatered  Industrial 
sludge,  fuels  and  oils,  and  sodiw  valves  from  aircraft  engines.  From 
water  level  measurements  taken  in  monitoring  wells  in  Area  0,  the 
groundwater  in  this  area  seems  to  be  moving  to  the  west,  probably  in 
response  to  localized  off-base  puaping,  and  the  local  gradient  is  about 
6  times  greater  than  the  subregional  gradient  at  the  Base. 

Zt  is  possible  that  localized  steeper  shallow  groundwater  gradients 
as  well  as  the  unknown  thickness  and  characteristics  of  the  shallow 
aquifer  off  Base  could  increase  the  groundwater  velocity  as  much  as 
three  times.  With  a  decrease  in  aquifer  thickness  to  about  1  foot  and 
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steepening  of  the  gradient  to  about  2  percent,  the  velocity  of  the  water 
In  the  shallow  sands  zone  would  be  about  25  feet  per  year,  assuming  the 
porosity  remains  the  same.  In  places  on  the  Base,  the  shallow  sands 
have  been  about  1  foot  thick,  and  a  2  percent  gradient  Is  reasonable 
near  producing  groundwater  wells. 

Disposal  practices  along  the  Base  boundaries  over  the  past  40  years 
therefore  could  have  resulted  In  migration  of  shallow  groundwater  con¬ 
taminants  off  Base  at  a  rate  of  25  feet  per  year.  However,  some  of  the 
off-base  contaminated  wells  are  located  at  distances  greater  thu  1,000 
feet  from  the  Base  boundaries.  The  data  collected  on  the  Base  during 
the  Riase  II  Installation  Restoration  Program  do  not  allow  a  determina¬ 
tion  of  «diether  private  or  public  wells  located  at  distances  greater 
than  1,000  feet  off  Base  have  been  contaminated  by  past  Base  disposal 
practices.  It  shoxild  be  noted  that  the  areas  southwest  and  west  of  the 
Base  contain  nuaerous  light  Industries  of  types  that  traditionally  have 
used  the  kinds  of  solvents  that  have  been  found  In  the  off-base  wells. 

FIELD  TESTIHG 

‘Alls  section  presents  results  from  certain  field  testing  activities 
which  Included  establishing  the  location  of  Base  well  7  and  logging 
specific  conductance  and  temperature  for  selected  monitoring  wells. 

Locating  Base  Well  7 

The  foundation  of  the  well  house  surrounding  BW7  was  located  using 
a  magnetic  flux  Indicator,  the  Inside  of  the  building  was  excavated  and 
the  well  head  was  located  In  the  building  basement.  A  weighted  line 
lowered  Into  the  well  met  refusal  at  a  depth  of  80  feet.  Rotary-wash 
drilling  ms  employed  for  cleaning  out  the  m11.  After  the  m11  ms 
cleared  to  60  feet,  the  drill  encountered  a  coarse  mixture  of  sand  and 
clay.  Both  8-lnch  and  4-lneh  drill  bits  met  refusal  at  80  feet.  nie 
well  log  for  this  Mil  shows  that  It  ms  gravel  packed  for  Its  entire 
length  of  80  feet. 

Specific  Conductance  and  Temperature  Logging 

Results  showing  specific  conductance  and  tesgMrature  readings  taken 
In  the  field  are  presented  In  Table  4.20.  Three  Base  monitoring  Mils 
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(MW4,  HW6,  and  MW7)  and  four  Sta^e  1  monitoring  wells  (HH19S,  MH19D, 
MH26S,  and  MH260)  were  tested.  Ten^erature  readings  were  constant  (20 
to  21*0  for  all  of  the  wells,  both  shallow  and  deep.  Specific  con¬ 
ductance  varied  irregularly  with  well  depth.  However,  the  fluctuation 
within  each  well  was  minimal  (<7  percent)  relative  to  the  mean  differ¬ 
ence  bet«reen  wells.  A  noticeable  difference  in  specific  conductance 
occurs  between  shallow  and  deep  tiells  at  the  same  locations  (l.e.,  MH19S 
in  relation  to  Miri90,  and  MH26S  in  relation  MW26D).  Mean  conductance 
values  for  wells  19s  and  26S,  respectively,  are  403  ^  mho  and  S27  amho, 
where  the  deep  wells  (MW19D  and  MH26D)  show  respective  conductance  read¬ 
ings  of  240  umho  and  211  podio.  Clearly,  two  separata  aquifers  have  been 
identified,  with  the  shallow  zona  exhibiting  more  total  dissolved  solids 
than  the  deeper  zone.  This  finding  is  consistent  with  ualytical  data. 
The  deeper  groundwater  aquifer  is  "cleaner*  than  the  shallow  one.  As 
indicated  by  specific  conductance,  the  concentration  of  inorganic 
constituents  (salts)  present  in  the  shallow  walls  i»  about  twice  the 
concentration  in  the  deeper  wells. 

PRCBLBI  DEriMITlON 
Plume  Identification 

Groundwater  samples  from  all  wells  on  the  Base  were  analyzed  for 
selected  organic  and  Inorganic  constituents.  The  shallow  wells  (cos^ 
pleted  into  the  first  sends)  show  the  presence  of  constituents  par¬ 
ticularly  along  the  western  border  of  the  Base,  where  former  disposal 
sites  existed.  However,  the  data  also  show  organic  compounds  and  trace 
metals  in  shallow  wells  throughout  the  Base;  often,  these  wells  were  not 
located  near  a  )cnown  disposal  area  (i.e.,  MW29S,  MH30,  and  NH31). 
Chead.cal  constituents  entering  a  groundwater  system  from  a  specific 
single  source  often  migrate  as  a  plume  with  sesU.-deflned  boundaries. 
The  highest  constituent  concentrations  within  the  plimie  tend  to  exist 
near  the  source  area,  with  concentrations  decreasing  downgradient  as 
dilution  takes  place. 


TABLE  4.20 

SPECZEIC  COHDOCTAHCB  AHD  TEMPERATORE 
ID  SELECTED  MOMITORIMG  WELLS 


Well 

No. 

Tasting 

Data 

Depth  Tasiparature 

(feat)  (‘O 

Specific 

Conductance 

(uaho) 

Mean 

Conductance 

Oinho) 

MW4 

9/24/82 

110 

21 

320 

110* 

21 

358 

358  ♦  27 

125 

21 

382 

Bottoat  of  wall 

21 

372 

HW6 

9/23/82 

-v-BO 

20. S 

285 

100 

20.5 

265 

266  +  13 

110 

20.5 

260 

Bottoat  of  well 

20 

255 

MW7 

9/24/82 

95 

20 

243 

105. 

20 

239 

240  +  2 

120^ 

20 

239 

MW19S 

9/24/82 

®®a 

20 

395 

85 

20 

410 

100 

20 

399 

403  +  6 

120 

20 

405 

BottoM  of  wall 

20 

405 

MW190 

9/24/82 

85 

20 

242 

100 

20 

238 

120 

20 

238 

240  +  2 

140 

20 

240 

Bottoat  of  wall 

20 

241 

MW26S 

9/24/82 

100 

21 

540 

115 

21 

530 

527  ♦  15 

Botta«  of  wall 

21 

510 

MW260 

9/24/82 

100 

21 

209 

120 

21 

212 

211  +  2 

140 

21 

213 

160® 

21 

210 

a  Ouplicata  taat 
b  BottOB  of  wall 
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Attempts  to  delineate  plumes  of  constituents  migrating  from 
individual  disposal  sites  at  McClellan  AFB  have  been  complicated  by  the 
detection  of  constituents  at  unaccountable  concentrations  and  locations 
across  the  Base.  Figures  4.1  and  4.2  depict  the  varying  concentrations 
of  TCE  detected  in  monitoring  vmIIs  on  successive  sanqpling  dates.  These 
data  indicate  an  attenuation  of  concentrations  occurring  in  no  definite 
pattern  in  relation  to  time  or  area,  nie  occurrence  of  constituents  in 
wells  with  no  apparent  source  Indicates  that  accurate  delineation  of 
pl\mies  from  individual  site  locations  may  not  be  possible. 

Since  there  appear  to  be  multiple  sources  for  the  constituents 
identified,  and  the  source  materials  were  eo^laced  at  different  times, 
migration  would  be  likely  to  occur  at  unpredictable  time  intervals.  In 
addition,  groundwater  levels  in  the  upper  sands  zone  vary  seasonally,  so 
constituents  from  some  sites  may  have  been  solubilized  from  soil  in  a 
fluctuating  sequence.  Another  factor  that  inhibits  tracing  groundwater 
constituents  back  to  a  specific  source  is  that,  in  many  cases,  ground- 
water  has  flowed  beneath  several  sites,  picking  up  constituents  from  one 
or  more  areas.  Also,  past  waste  management  practices  may  have  resulted 
in  the  deposit  of  materials  in  areas  not  identified  during  Phase  I  of 
the  XPP. 

It  is  possible  that  chemical  constituents  may  be  identified  in 
downgradient  areas  off  the  Base.  The  Interface  between  areas  containing 
detectable  constituents  and  those  areas  which  do  not  could  delineate  the 
leading  edge  of  a  pltmie.  Ihase  IZ  of  the  ZRP  did  not  provide  for  any 
off-base  activity  so  off-base  plme  movement  was  only  estimated. 

Effects  on  Base  Water  Supply  Wells 

Since  most  Bass  production  wells  were  constructed  in  such  a  way 
that  gravel  packs  or  casing  perforations  exist  in  the  first  sands  zone, 
a  potential  problem  exists  with  the  on-base  water  supply  wells.  Con¬ 
stituents  in  the  water  in  the  first  sands  could  migrate  throu^  the  well 
gravel  packs  causing  potential  quality  problesis  in  the  Base  water 
supply. 


The  deeper  aquifers  show  constituents  to  be  near  or  below  limits  of 
detection,  except  pesticides  and  herbicides.  Deep  well  MW19D,  located 


in  the  sludge  pit  area,  clearly  shows  an  absence  of  constituents,  even 
though  it  Is  situated  In  an  area  exhibiting  "worst  case"  conditions. 
Well  38D,  located  %rest  of  the  sludge  pit,  contained  low  levels  of  con¬ 
stituents.  This  well  was  located  Imiiedlately  adjacent  to  and  down- 
gradient  from  Area  0,  which  has  shorn  the  highest  level  of  groundwater 
contamination.  During  well  Installation,  the  shallow  groundwater  was 
encountered,  and  would  be  expected  to  mix  during  drilling  with  deeper- 
lying  water  In  the  second  sands;  there  Is  thus  the  probability  of 
cross-contamination.  Additional  sas^llngs  of  MW38D  would  provide  data 
on  the  actual  water  quality  in  the  second  sands.  In  general,  the  deeper 
sands  appear  to  contain  no  SPA  priority  organic  pollutants;  the  absence 
of  constituents  Is  consistent  at  all  well  locations  on  the  Base. 
Consecutive  sas^llngs  of  these  deeper  wells  (MW16D  through  MW29D  and 
MW38D)  should  further  reinforce  this  finding. 

Selected  analyses  of  wells  showed  negative  results  In  most  cases. 
PCB  analyses  of  groundmter  samples  from  all  wells  Installed  on  the  Base 
during  Stages  I  and  1 1  resulted  in  non-detectable  concentrations.  Cy¬ 
anide  was  found  In  seven  wells  on  the  Base,  mostly  at  or  near  detection 
limits  except  for  MW29S.  Cyanide  was  also  detected  In  MW16S  located  at 
the  extreme  northern  (upgradient)  Base  boundary.  Cresyllc  acid  was  de¬ 
tected  In  a  shallow  well  placed  between  the  suspected  source  (Building 
47S)  and  Base  production  well  7  (abandoned).  Two  wells  (shallow  and 
deep)  placed  further  downgradient  from  production  well  7  did  not  contain 
cresyllc  acid.  Aliphatic  material  (grease  and  oil)  appeared  at  elevated 
concentrations  In  one  well  (MH20S)  along  the  western  edge  of  the  Base. 
This  material  has  not  reached  the  second  aquifer  but  has  migrated  In  a 
southerly  direction.  Detectable  concentrations  of  grease  and  oil  were 
found  In  a  shallow  well  (MM33S)  located  due  south  of  MW20S. 

Ihe  presence  of  herbicides  and  pesticides  In  all  of  the  shallow 
wells  and  moat  of  the  deeper  wells  Is  universal  across  the  Base.  Con¬ 
centrations  vary  from  one  well  location  to  another,  and  from  one  sam¬ 
pling  to  the  next  within  the  same  well.  The  actual  appearance  of  a 
partiCTilar  compound  does  not  follow  a  consistent  pattern,  with  one 
aas^llng  often  showing  a  compound  that  Is  not  detected  during  a  sub¬ 
sequent  saa^llng  event.  The  evidence  Indicates  that,  to  some  degree. 


herbicides  end  pesticides  are  being  contributed  to  on*base  groundwater 
from  off-base  sources.  The  source  of  these  constituents  in  the  ground- 
water  also  nay  be  partially  from  Base  application  and/or  disposal.  How¬ 
ever,  monitoring  wells  16  and  17,  both  at  the  extreme  northern  (upgradi- 
ent)  end  of  the  Base,  show  the  presence  of  herbicides  and  pesticides  in 
the  shallow  and  deeper  aquifers.  The  source  of  groundwater  for  both 
wells  is  off-base  from  the  north.  Historical  records  do  show  that  two 
off-base  production  wells  north  of  the  Base  contain  2,4,5-TP  (Silvex). 
The  occurrence  of  these  herbicides  and  pesticides  appears  to  be  ubiqui¬ 
tous. 

A  general  range  of  constituent  concentrations  detected  in  all 
on-base  shallow  wells  is  compiled  in  Table  4.21.  These  data  reflect 
results  only  for  constituents  present  at  measurable  levels  in  at  least 
one  groundwater  sample.  Analytical  reports  which  present  comprehensive 
results  for  all  constituent  analyses  performed  are  contained  in  the 
appendices.  Values  lower  than  the  detection  limits  were  not  used  to 
calculate  the  range  of  concentration  except  for  those  constituents  found 
above  detection  limits  in  only  one  or  two  shallow  groundwater  saoiples. 
For  these  constituents,  it  was  not  possible  to  tabulate  low  and/or 
median  concentrations  representing  measurable  cpjantities .  In  these 
instances,  trace  level  data  and  ”not  detected"  results  were  used  to 
establish  the  range  of  concentration.  The  source  areas  in  which  the 
high  concentrations  were  found  are  noted  in  the  table. 

All  three  soil  borings  beneath  the  industrial  waste  line  contained 
trace  metals  at  both  the  15  and  20-foot  depths,  including  high  levels  of 
arsenic  and  selenium. 

Iffects  on  Off-Base  Water  Supply 

The  physical  characteristics  of  the  shallow  sands  zone  are  svnma- 
rlzed  on  Table  4.22.  The  Base  is  underlain  by  a  shallow  aquifer  of 
thicknesses  varying  frcm  1  foot  to  17  feet;  the  aquifer  may  be  discon¬ 
tinuous  in  places.  Permeabilities  range  from  0.8  gpd/ft^  to  4.2  gpd/- 
2 

ft  ,  and  transmissibilities  range  from  4.7  to  21  gpd  per  foot.  The 
groundwater  in  this  zone  moves  in  a  south-southwesterly  direction  but  is 
influenced  locally  primarily  by  off-base  production  wells.  Based  on 
physical  characteristics,  it  appears  that  groundwater  velocity  is  about 
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TABLE  4.22 


PHYSICAL  CHABACTERISTICS 
OP  THE  SHALLCW  SAMOS  ZONE 


Parameter 

Value 

Thlclcness 

1  foot  -  17  feet 

Transmisslbility 

4.7  gpd/ft  -  21  gpd/ft 

Permeability 

0.8  gpd/ft^  -  4.2  gpd/ft^ 

Velocity  of  groundwater 

8  ft/year  -  25  ft/year* 

a  Die  higher  value  reflects  groundrater  velocity  Influenced  by  local 
pvBg>lng  and  varying  thicknesses. 


8  feet  per  year,  with  the  possibility  of  velocities  of  25  ft/year  in 
cases  where  the  gradient  is  influenced  by  local  punping  and  changing 
aquifer  characteristics;  higher  velocities  would  be  possible  if  the 
aquifer  laaterial  were  dramatically  different  from  what  has  been  ob> 
served,  i.e.,  old  stream  channel  deposits  with  high  permeability. 
Deeper  aquifers  exist,  disconnected  from  the  shallow  aquifer  and  sepa*- 
rated  by  at  least  20  feet  of  predominately  fine-grained  material. 

Since  off-base  wells  may  have  been  constructed  with  gravel  packs 
and  perforations  in  the  shallow  sands  zone,  constituents  in  groundwater 
(that  could  be  the  result  of  past  McClellan  APB  waste  disposal  prac¬ 
tices)  could  migrate  down%rard  into  lower  aquifers  causing  quality  prob¬ 
lems  with  off-base  water  supply  wells.  Sufficient  time  has  passed  since 
the  disposal  of  waste  material  on  McClellan  property  for  constituents  in 
the  first  sands  beneath  the  Base  to  cause  problems  in  public  and  private 
water  supply  wells. 

Source  Areas 

Based  upon  analytical  data  from  groundwater  monitoring  wells,  the 
correlation  between  wells  and  associated  disposal  sites  and  clusters  was 
exasd-ned.  Perceived  correlations  are  sunmarized  on  Table  4.23.  Very 
little  definite  information  exists  as  to  contents  of  these  sites.  As 
can  be  seen  from  the  table,  twenty-one  sites  could  have  direct  effects 
on  groundwater.  Hie  other  twenty-five  sites  were  not  identified  as 
causing  groundwater  degradation  but  remain  as  potential  sources  of 
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TABLE  4.23 


SQMMART  OF  0ISP0SAL/ST0RA6E  SITES 
AND  CORBENT  PERCEIVED  STATUS 


Has  the  Site  Affected  Groundwater?  Site  Designation 


* 

Yes 

2, 

3,  4 

,  5, 

6, 

7,  8 

,  9, 

10, 

11, 

25, 

26, 

27, 

30, 

36, 

37, 

38, 

40, 

41, 

42, 

43 

Hot  identified^ 

1, 

12, 

13, 

14, 

15, 

16, 

17, 

18, 

19, 

20, 

21, 

22, 

23, 

24, 

28, 

29, 

31, 

32, 

33, 

34, 

35, 

39, 

44, 

45 

a  Site  was  located  upgradient  fron  affected  wells. 

b  Ho  evidence  exists  to  docvnent  that  the  site  is  causing  groundwater 
quality  probleswi  however,  future  monitoring  may  change  results. 


groundwater  quality  problems.  Ihere  are  two  types  of  material  that  can 
be  causing  potential  problems,  niese  are  the  disposed  material  and  un¬ 
derlying  site  soils .  Where  constituents  have  migrated  from  disposed 
material  into  groundwater,  the  underlying  site  soils  may  have  been  con¬ 
taminated.  Both  of  these  affected  materials  may  pose  groundwater 
quality  problems  through  continued  discharge. 


Past  waste  disposal  practices  at  HcClellan  AFB  have  resulted  in 
three  main  areas  of  concern  under  the  IRP.  These  are  ( 1 )  affected 
materials  (waste  and  soils),  (2)  on-base  water  supply,  and  (3)  off-base 
water  supply.  The  groundwater  affected  by  past  disposal  activities 
appears  to  be  primarily  limited  to  the  shallow  sands  zone.  Based  on 
estimated  groundwater  velocities  and  aquifer  characteristics,  constitu¬ 
ents  in  groundwater  on  the  Base  have  migrated  outside  Base  boundaries, 
causing  contasUnatlon  of  off-base  private  and  public  wells  within  a 
radius  of  1,000  feet.  Further  off-base  field  work  would  be  required  to 
determine  if  migration  of  constituents  could  have  occurred  at  greater 
distances  from  the  Base.  The  lisd-tations  on  how  far  the  groundwater  may 
travel  are  related  to  the  fact  that  the  Sacramento  region  is  a  closed 
basin  due  to  overdrafting  of  the  groundwater  resources.  A  groundmter 
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trough  exists  around  the  City  of  Sacramento  (see  Figure  2.3);  ground- 
water  thus  would  flow  toward  this  trough  from  the  aquifers  being  tapped 
for  %mter  supply.  It  is  un]cnown  if  the  shallow  groundwater  encountered 
at  McClellan  AFB  would  follow  the  regional  groundwater  movement  trend. 
If  it  did  not  move  toward  the  groundwater  trough,  it  would  continue 
moving  do«mgradient  within  the  Victor  Formation  which  surfaces  along  the 
Sacramento  River. 
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CHAPTER  S 


B^fALOATIOM  OP  ALTERNATIVE  MEASORES 

In  general,  environmental  concerns  identified  during  field  programs 
and  past  investigations  at  McClellan  APB  focus  on  affected  material, 
on-base  water  supply,  and  off-base  viniter  supply.  A  discussion  of  poten¬ 
tially  applicable  measures  to  address  these  concerns  is  presented  in 
this  chapter.  The  first  part  of  the  discussion  provides  a  general  over¬ 
view  of  the  alternatives  that  could  be  applicable  to  the  situation  at 
McClellan  APB.  nie  second  part  of  this  chapter  discusses  the  applica¬ 
tion  of  the  alternatives  to  the  three  major  problems. 

OVERVIEW  OP  ALTERNATIVES 

Alternative  Measures  for  Affected  Materials 

Excavation 

The  most  direct  approach  to  eliminating  affected  materials  involves 
excavation.  The  removed  material  can  be  hauled  to  an  existing  secure 
site  off  Base  and  the  excavation  can  be  refilled  and/or  regraded.  When 
the  quantities  of  excavated  materials  are  relatively  small,  haul  and 
replacement  can  be  feasible.  If  large  quantities  of  material  must  be 
managed  or  secure  disposal  sites  are  not  conveniently  located,  then  on¬ 
site  treatment  and  replacement  of  excavated  material  can  be  a  viable 
alternative.  Another  alternative  would  be  to  develop  a  sectire  landfill 
on  Base.  Management  techniques  for  affected  materials  are  discussed  in 
the  following  paragraphs. 

Management  of  Excavated  Materials 

Off-Base  Landfill.  Excavated  material  can  be  disposed  at  existing 
landfills.  If  the  material  to  be  removed  is  considered  to  be  hazardous 
waste  then  disposal  at  a  Class  I  or  Class  ZI-1  site  may  be  necessary. 
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Th«  two  closest  facilities  of  this  type,  o«med  by  IT,  are  located  at 
Benecia  (Class  I)  and  Montezuma  Hills  (Class  II-1) ,  about  80  and  SO 
miles  away  from  McClellan  AFB,  respectively.  Transport  of  large  volvnes 
of  material  to  these  facilities  will  require  a  major  hauling  operation 
at  high  costs  over  a  long  period  of  time. 

In  addition,  there  is  a  shortage  of  hazardous  waste  landfill 
capacity  in  California.  Deposition  of  large  volumes  of  soil  material  in 
these  sites  will  reduce  their  capacity  to  handle  waste  loadings  from 
current  operations.  Later  in  this  chapter  in  the  discussion  entitled 
”On-Base  Affected  Materials",  the  volume  of  disposed  material  and 
affected  soils  is  estimated  to  be  70,790,000  cubic  feet  or  2,622,000 
cubic  yards.  this  volmne  is  more  than  half  the  avalled>le  secure  land¬ 
fill  capacity  in  northern  California,  %diich  has  been  estimated  to  be 
approximately  four  million  cubic  yards. 

Since  several  sites  may  contain  soil  materials  with  constituent 
levels  that  could  necessitate  removal  to  depths  reaching  groundwater, 
excavation  may  pose  a  significant  problem.  Removal  of  materials  to 
depths  reaching  80  or  100  feet  may  be  extremely  difficult  to  accomplish. 
At  best,  removal  of  material  to  these  depths  will  be  extremely  expensive 
even  if  technically  feasible. 

On-Base  Landfill.  The  design  and  construction  of  a  secure  haz¬ 
ardous  waste  site  on  Base  would  be  an  alternative  to  off-site  transport 
of  material  or  treatment  and  replacement  of  material.  nie  landfill 
would  have  to  meet  RCRA  standards  and  would  require  permits  from  several 
state  agencies.  Included  would  be  a  hazardous  waste  facility  permit 
from  the  state  health  services  deparmnent  and  waste  discharge  require¬ 
ments  from  the  regional  water  quality  control  board.  After  construction 
of  an  approved  facility,  affected  material  removed  during  excavation 
would  be  placed  there  for  permanent  disposal. 

One  advantage  of  this  alternative  is  that  it  may  be  possible  during 
permitting  to  arrange  to  dispose  of  McClellan's  operational  hazardous 
waste  at  such  a  site. 
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Heat  Treatnant.  CheBical  constituents  that  are  mostly  organics, 
particularly  readily  volatile  organics  like  solvents,  may  be  converted 
to  gases  by  application  of  heat.  A  possible  way  to  accomplish  this 
would  be  by  placing  excavated  materials  in  a  rotary-kiln  type  dryer  that 
would  heat  the  solid  material  to  a  temperature  that  is  needed  to  remove 
the  volatiles,  the  resultant  gases  could  be  ignited  to  destroy  the  or¬ 
ganics,  using  supplemental  fuels. 

If  the  affected  materials  vaporize  at  low  temperature,  and  if  these 
affected  materials  constitute  a  relatively  small  fraction  of  the  total 
material  mass,  thin  layers  of  material  may  be  applied  on  ground  surfaces 
to  utilize  solar  heat  to  volatilize  the  constituents.  this  process 
results  in  hydrocarbon  emissions  to  the  atmosphere  which  may  require  air 
pollution  control  measures.  ^e  major  limitation  of  heat  treatment  is 
that  it  is  only  effective  for  orgemic  constituents. 

Extraction  with  Solvents.  Constituents  may  also  be  removed  by 
leaching  affected  materials  with  suitable  solubilizing  or  chelating 
agents.  Leaching  may  be  accomplished  by  mixing  an  appropriate  solvent 
with  the  material  mass  and  draining  the  resulting  solution  from  the 
mixture  either  by  gravity  or  by  the  use  of  vacuum-type  filters.  The 
spent  solvent  could  then  be  recovered  using  distillation  or  exchange 
processes.  Recovered  solvent  may  be  returned  to  the  solid  material  for 
additional  passes  until  the  desired  level  of  constituent  removal  is 
achieved.  Depending  on  the  type  of  solvent  used,  it  may  be  necessary 
before  replacement  to  cleanse  the  remaining  solvent  in  the  affected 
material  with  water.  Because  of  water  solubility,  certain  alcohols  may 
be  suitable  as  a  solvent  for  removing  many  organic  substances.  Trace 
metals  may  be  removed  from  affected  materials  with  the  use  of  strong 
chelating  agents  such  as  EDTA.  'Rie  final  choice  of  solvent  and  removal 
system  would  depend  largely  on  the  specific  natures  of  the  particular 
materials  to  be  treated,  nils  type  of  operation  has  not  yet  been  done 
on  a  large  scale. 

Microbial  Decosiposltion.  It  may  be  possible  to  use  microorganisms 
to  treat  affected  materials.  Organisms  are  often  used  to  metabolize 
constituents  for  treatment  of  dilute  solutions  of  liquid  industrial 
wastes.  Oil  refinery  wastes  are  commonly  treated  by  landf arming  in 
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which  the  wastes  are  plowed  into  soil  surfaces  where  aerobic  conditions 
and  viable  cultures  of  organisms  are  maintained.  Microbes  suited  to 
this  environment  then  metabolize  the  organic  constituents  Into  Innocuous 
constituents.  Microbial  degradation  may  be  enhemced  by  addition  of 
moisture,  trace  materials,  and/or  a  nutrient  source.  Such  systems  are 
used  In  the  rldge-and-fttrrow  composting  of  wastewater  sludges. 

The  major  limitation  of  microbial  decomposition  Is  that  It  Is  only 
effective  for  organic  constituents. 

Fixation.  Fixation  can  be  used  to  immobilize  constituents  by 
altering  the  physical  state  of  the  affected  materials,  nils  Is  usually 
accomplished  by  the  addition  of  chemical  agents  to  affected  materials  to 
produce  a  final  product  resembling  weak  concrete.  A  number  of  coomier- 
clal  fixation  processes  are  currently  available.  Fixation  technology  Is 
most  often  used  to  solidify  liquid  wastes  so  that,  when  water  contacts 
the  affected  material,  constituents  are  not  mobilized. 

Flxants  typically  used  are  cement,  lime,  fly  ash,  and  other  solid¬ 
ifying  materials.  It  Is  sometimes  necessary  to  add  soil  In  addition  to 
the  fixatives  to  make  the  weak  concrete.  These  processes  are  particu¬ 
larly  effective  «>hen  the  constituents  are  inorganic  In  nature,  such  as 
plating  wastes.  However,  coenercial  processes  are  available  for  organic 
materials . 

Although  unproven  technology,  materials  containing  organic  constit¬ 
uents  could  possibly  be  fixed  by  addition  of  a  snail  amount  of  asphaltic 
material.  Both  hot  asphalts  and  emulsified  asphalts  might  serve  this 
purpose . 

Site  Closure 

Closure  of  disposal  sites,  land  treatment  facilities,  and  storage 
areas  (when  no  longer  used)  to  meet  Resource  Conservation  and  Recovery 
Act  (RCRA)  requirements  may  be  a  desired  alternative.  In  most  cases 
proper  closure  will  be  In  a  manner  to  comply  with  Section  267.10  of 
RCRA  for  facilities  In  operation  after  1976.  For  each  Individual  site 
the  exact  closure  requirements  and  procedures  will  reflect  the  type  of 
site,  the  nature  and  amount  of  waste,  location  and  topography,  and 
geological  and  soil  profiles  as  well  as  other  considerations  that  must 


b«  evaluated.  Under  certain  condltione  cloeure  nay  include  the  la^le- 
mentation  of  a  groundwater  monitoring  program. 

In  Situ  Manaqwient  of  Affected  Materials 

Several  of  the  treatment  methods  that  were  discussed  for  excavated 
materials  could  be  used  on  an  ^  situ  basis  by  leaving  the  material  in 
the  ground  and  altering  its  chemical  or  physical  properties.  niese 
methods  include  heat  treatment  (air  stripping) ,  solvent  extraction, 
microbial  degradation,  and  fixation,  situ  treatment  requires  brinq- 
ing  the  treating  or  fixing  agent  into  contact  with  the  material  in  the 
voids  of  its  physical  structure.  This  contact  is  ordinarily  brought 
about  by  either  pressure  injection  or  gravity  percolation  of  the  treat¬ 
ing  agent.  If  solvents  are  introduced  to  "cleanse”  in-place  materials 
then  the  resulting  solution  may  have  to  be  removed  from  the  ground  and 
treated. 

Percolation .  Percolation  is  the  process  through  which  fluid  mate¬ 
rials  are  introduced  into  solid  material  by  gravity  flow.  A  percolation 
pond  could  be  constructed  on  the  surface  to  introduce  solvents  or  fixa¬ 
tion  materials  into  the  underlying  soils  through  a  series  of  wells. 

Injection.  Solvents  or  fixants  can  be  Introduced  using  injection 
techniques  through  wells.  Injection  has  been  used  to  Isolate  waters  or 
problem  wastes  to  deep  aquifers  vdiere  the  Intervening  materials  will  not 
permit  percolation  by  gravity.  In  practical  applications  the  aquifers 
are  generally  very  permeable  and  the  injection  head  is  usually  only  the 
depth  of  the  well. 

It  is  possible  to  increase  the  pressure  on  an  injection  well  to 
Increase  the  flow  into  the  well.  However,  there  are  physical  limits  on 
the  amount  of  pressure  that  can  be  applied.  Since  soil  density  is 
typically  about  twice  that  of  water,  a  cavity  will  be  formed  and  up¬ 
heaval  may  occur  at  the  surface  if  the  pressure  head  is  Increased  to 
more  than  twice  the  depth  to  the  point  of  Injection.  The  ability  to 
inject  fluids  into  soil  is  highly  dependent  on  soil  permeability. 

Gas  Injection.  It  may  be  possible  to  inject  ambient  air,  heated 
air,  or  other  gases  into  unsaturated  soils  and  materials.  TTie  gas  would 
return  to  the  surface  carrying  with  it  volatile  organic  materials. 


Where  the  constituents  are  volatile  organics  this  may  be  a  viable 
solution. 

If  air  pollution  associated  %d.th  the  materials  flowing  out  of  the 
ground  presents  a  problem.  It  may  be  necessary  to  operate  the  system  In 
reverse,  using  vacuum  pumps  to  draw  air  Into  the  wells.  The  contaminated 
air  could  then  be  treated,  probably  with  activated  carbon  or  other 
cleansing  units. 

Gas  scrubbing  of  constituents  from  solid  material  Is  untried  and 
untested  technology.  Should  such  a  system  be  contemplated  considerable 
predesign  research  and  testing  will  be  required.  The  major  dratfback  of 
this  system  Is  that  It  Is  only  effective  on  orgulc  constituents. 

Capping.  One  method  of  material  management  Is  to  leave  the  materi¬ 
al  In  plac«  and  cover  affected  surface  areas  with  an  Impermeable  seal, 
nie  material  used  for  the  seal  could  be  clay,  cement,  asphalt,  or  other 
material  of  that  nature.  Caps  are  constructed  to  be  sloped  In  such  a 
manner  so  that  rainfall  Is  diverted  away  from  the  site  and  Is  not 
permitted  to  recharge  through  affected  material.  In  this  way  the  site 
Is  sealed  from  Intrusion  of  surface  water. 

Alternative  Measures  for  Affected  Groundwater 

Where  a  contasilnated  groundwater  pool  exists  the  options  are  to 
(1)  remove  the  affected  water,  or  (2)  Isolate  the  affected  water  and  Its 
constituents  to  prevent  continued  migration  to  unaffected  areas. 

Removal  of  Affected  Water 

The  removal  of  constituents  from  groundwater  Is  dependent  on  the 
ability  to  pus^  or  drain  the  aquifer.  It  might  be  possible  to  drain  the 
aquifer  by  Installing  an  artificial  drain  perpendicular  to  the  aquifer. 
This  could  be  accomplished  by  excavating  past  the  aquifer  and  then 
Installing  gravel  and  a  pipe  In  the  trench.  The  pipe  would  terminate  In 
a  suo^  or  sus^s  which  could  be  pumped  Intermittently.  The  depth  below 
surface  for  which  this  method  Is  effective  Is  limited  to  current  trench¬ 
ing  techniques. 


Another  method  of  removal  of  affected  water  is  by  installation  of  a 
series  of  withdrawal  wells.  Ihe  wells  are  installed  and  perforated  at 
depths  that  will  provide  for  removal  of  affected  water  zones.  'Aie  dis- 
tMce  between  wells  is  based  on  local  hydrogeological  conditions.  Good 
producing  water  zones  are  necessary  for  this  system  to  be  effective. 

Alternately,  it  may  be  possible  to  excavate  several  deep  holes  to 
the  groundtrater  level  and  install  a  Ranney  collector  system.  In  this 
system  a  machine  could  be  lowered  into  the  holes  and  perforated  pipe 
could  then  be  jacked  horizontally  to  provide  the  required  drainage. 
This  technology  is  used  to  jack  pipes  under  highways  and  other  struc¬ 
tures  for  drainage  and  for  tapping  water  sources  below  surface  water 
bodies;  it  is  expected  that  such  jacking  could  force  a  drainage  pipe  up 
to  SOO  feet  into  an  aquifer. 

Isolation  of  Affected  Groundwater 

It  may  be  possible  to  contain  affected  groundwater  under  a  site  or 
group  of  sites  by  surrounding  the  groundmter  with  slurry  walls,  gen¬ 
erally  constructed  of  clayey  material.  Coupled  with  capping  the  surface 
to  prevent  infiltration,  this  technique  could  effectively  isolate 
problem  areas.  Depending  upon  the  depth  to  groundwater,  extensive 
excavation  could  be  required  to  install  the  slurry  walls,  lAie  placement 
of  slurry  walls  hydraulically  by  injection  is  possible  in  certain 
situations,  depending  upon  soil  permeed)ilities.  'Rie  use  of  slurry  walls 
is  not  recommended  for  isolation  of  sites  containing  plating  wastes  or 
other  low/high  pH  waste  material  as  caustic  materials  tend  to  destroy 
the  integrity  of  clay  barriers. 

The  affected  waters  might  also  be  effectively  isolated  by  injection 
of  water  through  wells  located  around  a  site  or  an  area  to  create  a 
"motindlng"  effect.  This  system  requires  that  the  soil  material  be 
highly  permeable  so  that  an  effective  mound  can  be  created. 

Treatment  of  Affected  Groundwater 

When  the  water  removed  from  an  aquifer  contains  constituents  that 
negate  its  direct  discharge  to  receiving  water  bodies,  some  type  of 
treatment  may  be  neoessary.  If  only  volatile  organics  are  present  in 
small  quantities,  the  treatment  might  consist  only  of  spraying  the  water 
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Into  the  air  while  watering  the  landscape  to  permit  the  organics  to 
volatilize.  Activated  carbon  treatment  along  with  coagulation/floccula¬ 
tion  (for  trace  metal  removal)  in  email  package  vinits  might  be  used  to 
treat  the  affected  water.  Air  stripping  may  be  used  In  tandem  with 
activated  carbon  for  organic  removal.  nie  removal  of  organics  by  air 
stripping  tends  to  extend  the  operational  life  of  carbon.  A  drawback  of 
air  stripping  is  the  air  pollution  problem  that  could  be  created. 

Alternative  Meastires  for  Industrial  Waste  Line  Remediation 

To  minimize  the  amount  of  water  that  is  transferred  from  the  sur¬ 
face  to  the  first  sands  zone,  the  leaking  industrial  waste  line  can  be 
rehabilitated  or  replaced.  The  technologies  involved  in  these  endeavors 
are  those  that  are  routine  and  common  practices.  Included  in  these 
alternatives  are:  (1)  repair  the  line  in  place  by  pressure  grouting; 
(2)  locate  leaks  and  replace  sections  by  excavation;  (3)  thread  plastic 
pipe  sleeve  through  the  existing  line;  and  (4)  Install  a  new  line  next 
to  the  existing  problem  line. 

Pressure  Grouting 

In  this  procedure,  the  leaks  are  located  by  means  of  video  camera 
inspection  or  by  localized  air  testing  procedures.  Once  located,  the 
defective  sections  of  the  line  can  be  repaired  by  pressure  grouting  from 
the  inside  with  a  chemical  sealant.  The  sealant  is  solidified  by  a  cat¬ 
alyst  after  being  forced  into  the  leak. 

Excavation 

In  this  procedure,  after  the  leaks  have  been  located,  the  trench  is 
re-excavated  and  the  leaking  sections  or  joints  are  replaced.  'Riis  is 
accomplished  by  using  a  plain- end  type  of  coupling  to  secure  the  new 
pipe  lengths  to  the  adjacent  sections  that  are  still  in  place. 

Pipe  Sleeving 

In  this  procedure,  a  suitable  type  of  plastic  pipe  is  threaded  into 
the  existing  pipe  to  provide  a  secure  conduit  for  transporting  the 
liquid.  The  existing  pipe  provides  the  structural  capability  and  the 
interior  threaded  sleeve  provides  the  hydraulic  integrity. 
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Installation  of  W«w  Line 


When  the  existing  line  is  determined  to  have  niaaerous  leaks  or  is 
badly  deteriorated,  it  may  be  the  most  cost-effective  solution  to  aban¬ 
don  the  line  and  construct  a  new  line  to  provide  reliable  capability. 


ON-BASE  AFFECTED  MATERIALS 
Problem  Definition 

The  assumption  throughout  Phases  I  and  ZI  of  the  ZRP  has  been  that 
past  Base  disposal  practices  could  be  affecting  groundwater  quality. 
Materials  that  could  affect  the  groundmttsr  as  a  result  of  disposal 
practices  include  materials  disposed,  as  well  as  the  soil  colusm  under¬ 
lying  the  dispoaal/storage  sites  to  the  depth  of  the  shallow  ground- 
water.  The  soil  coluan  may  have  been  affected  by  the  downward  migration 
of  constituents  from  the  disposal  area  as  was  graphically  illustrated  on 
Figure  2.6.  The  affected  materials  could  constitute  a  continued  source 
of  potential  groundwater  quality  problems. 

Affected  Sites 

Forty-six  disposal/storage  sites  have  been  identified  on  the  Base. 
During  the  Ihase  IZ  field  program,  mcnitoring  wells  were  installed  down- 
gradient  from  some  of  the  past  disposal  sites.  On  the  basis  of  the 
presence  or  absence  of  constituents  identified  in  those  wells,  the  46 
sites  have  been  evaluated  according  to  their  identified  contribution  to 
groundwater  problems.  These  site  evaluations  were  presented  on  /hie 
4.23. 


For  each  of  the  21  sites  identified  as  affecting  ground*rater 
quality,  the  estimated  voluae  of  disposed  material  as  well  as  the 
estimated  volwe  of  the  affected  soil  colisan  from  ground  surface  to  the 
shallow  groundwater  are  presented  in  Table  5.1.  Similar  Information  is 
presented  in  Table  5.2  for  those  sites  not  identified  to  be  affecting 
groundwater  quality.  The  sites  that  have  been  assumed  to  affect  the 
shallow  groundwater  comprise  over  14  million  cubic  feet  of  disposed 
material,  and  the  affected  soil  colimin  would  constitute  over  56  siillion 
cubic  feet  of  material.  It  should  be  noted  that  these  volwes  are  only 
gross  estimations;  actual  voluses  nay  vary  significantly.  The  estimated 


TABLE  5.1 


ESTIMATED  VOLDME  OF  AFFECTED  MATERIALS 
AT  SITES  AFFECTING  6ROOMDHATER  QUALITY 
HcCLELLAH  AFB,  CALIFORNIA 


Area 

Disposal/ Storage 

Site  Affecting 
Groundwater  Quality 

Estimated 

Volune  of 
Disposed  Material 
(1,000's  cu  ft) 

Estimated 
Volume  of 
Affected  Soils 
(1,000's  cu  ft) 

A 

25 

3,000 

12,500 

37 

* 

10,000 

38 

«♦ 

** 

40 

240 

3,800 

Area  A  Total 

3,240 

17,300 

B 

30 

97 

4,000 

36 

**• 

**« 

Area  B  Total 

4,000 

C-1 

41 

2,000 

9,000 

42 

1,200 

5,000 

43 

1,100 

4,400 

Subarea  C-1 

Total  4,300 

18,40() 

C-2 

7 

600 

1,600 

8 

500 

1,300 

9 

600 

1,600 

10 

600 

1,600 

11 

600 

1,600 

Subarea  C-2 

Total  2,900 

7,700 

D 

2 

600 

1,600 

3 

600 

1,600 

4 

600 

1,600 

5 

600 

1,600 

6 

500 

1,300 

26 

600 

1,600 

27 

0.4 

3 

Area  D  Total 

3,500.4 

9,303 

BASE  TOTAL 

14,037.4 

56,703 

*  Material  reaoved  (see  Table  2.1). 
**  Site  is  Building  475. 

***  Site  is  storage  area. 
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TABLE  5.2 


ESTIMATED  VOLDME  OF  AFFECTED  MATERIALS  AT 
SITES  NOT  IDENTIFIED  TO  BE  AFFECTING  GROUNDWATER  QUALITY 

McClellan  afb,  California 


Disposal/ Storage 

Site  Mot  Identified 

Estimated 

Estimated 

to  be  Affecting 

Voloae  of 

Voltaae  of 

Area 

Groundwater  Quality 

Disposed  Material 
(1,000's  cu  ft) 

Affected  Soils 
(1,000's  cu  ft) 

39 

3,000 

8,000 

Area  A  Total 

3,000 

8,000 

B 

35 

* 

3,000 

Area  B  Total 

0 

3,000 

C-1 

17 

600 

1,600 

18 

600 

1,600 

19 

600 

1,600 

20 

1,500 

3,800 

21 

1,700 

4,400 

22 

2,000 

3,200 

28 

4,000 

3,200 

32 

51 

2,000 

Subarea  C-1  Total 

11,051 

21,400 

C-2 

12 

600 

1,600 

13 

600 

1,600 

14 

600 

1,600 

15 

0.4 

3 

16 

0.4 

3 

Subarea  C-2  Total 

1,800.8 

4,806 

0 

1 

2,000 

5,000 

33 

400 

7,000 

Area  D  total 

2,400 

12,000 

Isolated  Sites 

24 

1,500 

4,000 

29 

80 

3,200 

31 

400 

3,200 

34 

80 

3,100 

45 

450 

7,200 

46 

Isolated  Sites  Total 

2. 5*1 6 

224222 

BASE  TOTAL 

20,761.8 

69,906 

*  Material  removed  (see  Table  2.1). 

**  Affected  material  has  been  excavated  and  transported  to  approved 
site. 


5-11 


hncL- 


voluae  of  affected  soils  reflects  the  amount  of  material  that  is  present 
beneath  each  site  down  to  the  water  table.  Actual  excavation  would 
entail  removal  of  significantly  more  material.  Excavation  to  the  depths 
that  might  be  necessary  would  require  removal  of  significant  amounts  of 
soil  from  sidewalls. 

Alternative  Corrective  Measures 

To  eliodJiate  potential  sources  of  groundwater  conteu&inatlon,  a 
number  of  alternative  options  eire  available.  Table  5.3  lists  these 
alternatives  along  with  equipment  requirements,  identified  short  and 
longterm  impacts,  and  the  advantages  and  disadvantages  associated  with 
each  alternative  measure.  niat  generic  summary  delineates  options 
available  for  affected  material  management.  ‘Rie  alternatives  that 
entail  ^  situ  treatment  do  not  appeeir  practical  for  the  particular 
geologic  regime  underlying  McClell^ul  AFB. 

For  injection  of  a  fixant  into  either  the  soils  above  the  shallow 
groundwater  or  into  the  aquifer  material  itself,  the  limiting  conditions 
would  be  the  perme^dsility  of  these  materials  and  the  corresponding 
pressure  that  wotild  need  to  be  applied  to  inject  the  fixant.  Based  on 
the  permeability  determined  from  field  test  results,  injection  wells 
would  need  to  be  placed  at  such  close  distances  to  each  other  as  to  make 
this  system  impractical  (i.e.,  about  one  foot  apart).  Further  discus¬ 
sion  is  contained  in  Appendix  T. 

Since  the  geology  of  the  area  effectively  limits  the  treatment  of 
affected  materials  in  place,  alternatives  that  can  be  considered  include 
excavation  to  remove  the  material  from  the  ground  as  well  as  capping  the 
sites  to  isolate  them  from  surface  water  Intrusion.  Table  5.4  identi¬ 
fies  the  alternative  technologies  potentially  applicable  to  each  site. 
Since  no  samples  were  taken  of  site  materials  in  this  project  the 
application  of  the  different  management  techniques  is  based  upon  back¬ 
ground  information  eimnaxized  in  Table  2.1. 

It  should  be  kept  in  mind  that  removal  of  affected  soils  would  have 
no  effect  upon  the  shallow  groundwater  %rhlch  currently  contains  identi¬ 
fied  chemical  constituents.  This  shallow  groundwater  would  continue  to 
move  downgradient  and  off  the  Base. 
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Alt«rn«tlv«  Corr«cilve 


ON-BASE  HATER  SOPFLY 


Problem  Dafinltlon 

Prevention  of  contamination  of  the  Base  water  supply  wells  is  of 
prime  importance  to  the  environsental  health  of  Base  personnel*  Since 
the  shallow  aquifer  contains  the  highest  concentrations  of  chemical 
constituents  within  the  aquifer  systems  underlying  the  Base,  the  objec¬ 
tive  for  securing  the  Base  water  svqpply  will  be  to  prevent  shallow 
aquifer  water  from  entering  deeper  water-bearing  sands* 

Chemical  constituents  may  enter  the  deeper  water  supply  aquifers 
through  the  gravel  pack  of  existing  water  supply  wells  or  deeper  moni¬ 
toring  walls*  nie  following  sections  outline  a  methodology  that  should 
preserve  the  existing  water  supply  wells  while  preventing  Introduction 
of  shallow  aquifer  constituents  into  the  deeper  aquifer  systems* 

Affected  Wells 

Any  well  that  has  been  constructed  with  continuous  gravel  pack  from 
the  shallow  aquifer  (occurring  at  depths  less  than  80  feet)  to  the 
deeper  aquifers,  and/or  perforations  within  the  shallow  sands  zone,  con¬ 
stitutes  a  potential  conduit  for  chesdcal  constituent  migration*  Any 
monitoring  well  that  has  been  cca^leted  with  gravel  pac)cs  at  depths 
greater  than  105  feet  likewise  constitutes  a  potential  conduit*  It 
should  be  noted  that  some  production  wells  were  constructed  in  the 
1930's  and  1940's  when  the  most  cossaon  drilling  method  used  a  cable-tool 
drill  rig*  Cable-tool  wells  do  not  contain  gravel  pac)cs,  and  therefore 
would  not  allow  constituent  migration  into  deeper  aquifers  unless  per¬ 
forations  wore  present  within  the  shallow  aquifer  zone*  Table  5*5  lists 
the  known  physical  characteristics  of  all  Base  production  and  monitoring 
walls  that  could  be  considered  as  possible  constituent  conduits* 

Hell  logs  available  for  certain  Base  production  wells  indicate  that 
they  are  all  gravel  packed  except  for  BH17i  this  well  does  not  have  a 
gravel  pack,  and  was  therefore  probably  constructed  by  the  cable-tool 
method.  Four  monitoring  wells  constructed  in  1980  were  gravel  packed 
from  the  shallow  aquifer  to  depths  exceeding  200  feet* 


WBLL  COMSTRUCTIOM  PI^RAMBTUS  FOR  RPPBCTBD  BASB  PRCXIUCTION 
RND  BA8B  NONITOMINO  HBLI^ 


Available  Alternative  Corraetiv  M«asure« 


To  ensure  that  the  tmter  quality  of  the  viater  supply  wells  is  not 
Ispalred  by  the  introduction  of  shallow  aquifer  water  into  the  system, 
the  gravel  pack  conduits  oust  be  eliminated.  Even  if  the  viells  were 
abandoned  and  removed  from  production,  the  gravel  packs  could  still  act 
as  conduits  in  the  future. 

The  gravel  packs  should  be  sealed  by  grouting  to  prevent  downward 
migration  of  constituents  from  the  shallow  aquifer.  In  a  typical  wall, 
this  could  be  accomplished  from  inside  the  well  casing  or  from  outside 
the  well.  Since  all  the  Base  production  wells  are  located  within  hous¬ 
ing  structures,  there  would  not  be  enough  space  to  accosmndate  the 
eqoipBent  needed  to  seal  the  gravel  pecks  from  inside  the  «wll  casing. 
Therefore,  sealing  the  gravel  packs  would  have  to  be  accomplished  from 
outside  the  well  housing. 

Monitoring  %m11s  1  and  2  are  249  feet  deep  and  gravel  packed  from 
75  feet  downrardi  they  were  both  abandoned  shortly  after  installation. 
NW1  was  grouted  within  the  entire  casing,  but  the  gravel  pack  was  not 
grouted.  In  Mir2,  the  casing  was  grouted  from  120  to  249  feet,  with 
perforations  starting  at  a  75-foot  depth.  MM3  and  MW4  have  not  been 
grouted;  they  reach  depths  of  205  feet  and  249  feet,  respectively. 

The  gravel  pack  around  the  Base  production  wells  can  be  sealed  by 
using  a  slant  rotary^nsh  drilling  method.  Slant  holes  could  be  drilled 
at  compass  points  around  the  well  down  to  the  estimated  depth  of  the 
shallow  aquifer  (a  minimw  of  75  feet).  When  the  gravel  pack  is  reach¬ 
ed,  it  could  be  pressure  grouted,  nie  grout  should  be  injected  from  a 
75-foot  depth  to  an  estimated  depth  of  120  feet.  In  BM2  the  perfora¬ 
tions  in  the  casing  begin  at  a  depth  of  100  feet,  or  in  the  vicinity  of 
the  shallow  aquifer.  Therefore,  if  the  gravel  pack  irare  to  be  pressure 
grouted  in  this  interval,  the  grout  would  probably  enter  the  well 
casing.  This  would  result  in  total  abandonment  of  Blf2,  unless  the  well 
housing  were  removed  to  allow  space  for  drilling  equipment  to  operate 
adjacent  to  the  well.  The  remaining  production  trails  to  be  sealed 
include  Base  wells  7  (abandoned,  but  the  gravel  pack  not  sealed),  8,  10, 
11,  12,  13,  18,  20,  28,  and  29,  assvning  that  they  are  all  gravel 
packed.  Since  there  are  no  well  logs  available  for  Base  production 
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walls  10,  11,  12,  and  13,  it  is  unknom  if  they  were  gravel  packed  or 
coa^leted  with  cable-tool  methods.  To  ascertain  the  drilling  method 
used,  a  video  camera  can  be  lowered  into  the  well,  and  an  experienced 
drilling  contractor  can  determine  the  drilling  method  by  exastining  the 
type  of  perforations  in  the  well  casing.  This  would  determine  the  need 
for  gravel-pack  sealing  of  Base  production  wells  10,  11,  12,  and  13. 

Sealing  of  the  deep  monitoring  wells  1,  2,  3,  and  4  can  be  accom¬ 
plished  by  pressure  grouting  directly  in  the  well  casings.  The  grout 
would  flow  through  the  perforations  in  the  well  casing  to  the  desired 
elevation.  These  monitoring  wells  could  be  pressure  grouted  to  depths 
of  100  feet  to  ensure  discontinuity  between  the  shallow  and  deeper 
aquifers . 

Regular  monitoring  of  the  water  quality  in  the  production  wells 
would  determine  the  effectiveness  of  well-sealing  over  time. 

OFF-BASE  MATER  SUPPLY  MELLS 
Problem  Definition 

The  direction  of  shallow  groundwater  movement  is  to  the  south- 
southwest  except  ^ere  locally  influenced  by  off-base  punning  near  the 
western  Base  boundary.  Three  wells  downgradient  from  the  Base  have  been 
closed  as  a  result  of  contamination;  those  wells  are  within  approx¬ 
imately  1,000  feet  of  the  Base  boundary.  Other  private  and  public  wells 
are  located  farther  downgradient,  but  have  not  shown  excessive  concen¬ 
trations  of  cheBd.eal  constituents.  It  therefore  may  be  inferred  that 
the  average  distance  of  shallow  groundwater  travel  away  from  the  Base 
boundary  in  the  past  40  years  has  been  about  1,000  feet,  with  local 
variations  due  to  off-base  ptmqping. 

Migration  of  constituents  into  existing  off-base  wells  could  have 
occiirred  through  well  gravel  packs  or  perforations  within  the  shallow 
aquifer.  Bowever,  the  well  construction  of  these  wells  is  unknown. 

Affected  Mells 

Zf  the  behavior  of  the  shallow  groundwater  were  to  follow  the  same 
pattern  is  is  p*-  -ently  observed,  it  would  move  farther  downgradient 
away  from  *  m  ..  se  boundaries.  Mi thin  a  S, 000-foot  radius  south  and 


west  of  the  Base,  14  public  wells  are  known  to  be  located  to  the  south 
and  13  to  the  west.  The  area  west  of  the  Base  Is  without  public  water 
service.  Most  hones  In  the  area  rely  on  Individual  private  wells  for 
dosMstlc  water  supply,  nilrteen  wells  were  tested  by  Sacramento  County 
In  1979  through  1980.  One  well  was  found  contaminated  and  was  closed. 
The  City  of  Sacramento  provides  public  water  service  south  of  the  Base. 
Future  monitoring  of  the  off-base  wells  could  determine  potential 
direction  and  rate  of  contaminant  migration.  Table  4.21  presented  the 
range  of  constituent  concentrations  that  have  been  Identified  In  the 
shallow  groundwater,  and  therefore  could  be  available  for  migration  off 
Base. 

Alternative  Corrective  Measures 

Protection  of  off-base  water  supplies  from  migration  of  constitu¬ 
ents  contained  In  the  shallow  groundwater  aquifer  could  be  accomplished 
by  a  variety  of  measures,  nie  measures  could  be  categorized  as  either 
( 1 )  Interception  of  shallow  groundwater  flow  prior  to  Its  moving  across 
the  Base  boundaries  or  (2)  protection  of  each  Individual  do«mgradlent 
off-base  well  from  shallow  groundwater  flowing  uninhibited  off  Base.- 
Table  5.6  summarizes  available  corrective  measures  for  either  protecting 
each  off-base  well  or  Intercepting  and  treating  the  shallow  groundwater 
around  affected  areas  or  at  Base  boundaries. 

Corrective  measures  applied  directly  to  affected  off-base  wells 
would  entail  sealing  the  gravel  packs  of  these  wells  at  the  depth  of  the 
shallow  aquifer,  or  abandoning  the  affected  wells  and  properly  rein¬ 
stalling  new  wells.  It  should  be  noted  that  the  shallow  aquifer  Is  a 
very  poor  producer  of  water,  and  sealing  the  gravel  pack  through  the 
shallow  aquifer  would  not  affect  the  quantity  of  water  available.  In 
addition,  the  Air  Force  could  advise  agencies  regulating  well  Installa¬ 
tions  (e.g..  County  Public  Health  Department)  that  new  wells  should  be 
constructed  with  perforations  or  gravel  packs  below  a  mlnlmua  depth  of 
120  feet.  This  alternative  measure  would  protect  the  public  health 
downgradlent  from  the  Base  but  would  not  result  In  removal  of  affected 
groundwater  from  the  downgradlent  hydrologic  regime. 
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TABLB  S.6  (ContlniMd) 


TMUE  S.6  {Continued) 


Ramoval  of  affectad  shallow  groundwater  could  ba  accooplishad  along 
the  Base  boundaries  by  installation  of  do*mgradlant  slurry  trenches  or 
groundwater  evacuation  ptsBpSf  by  creation  of  groundwater  mounds,  or  by 
construction  of  French  drains  or  susq^s  at  the  depth  of  the  shallow 
sands.  Any  of  the  above  structural  alternatives  could  be  applied  to 
specific  disposal  sites  or  areas  as  listed  in  Table  5.4.  It  should  be 
noted  that  if  structural  methods  were  ea^loyed  on  a  site-specific  basis, 
the  existing  affected  groundwater  would  remain  available  for  off-base 
migration.  In  addition,  if  corrective  measures  were  applied  along  the 
Base  boundaries,  affected  groundwater  already  off  Base  %iould  continue  to 
move  downgradlent ,  potentially  affecting  other  wells  in  the  future. 
Since  the  groundwater  movement  is  extremely  slow  except  %rhen  accelerated 
by  local  pwping,  these  effects  will  probably  not  occur  for  many  years. 

At  McClellan  AFB,  affected  groundwater  is  contained  in  an  aquifer 

an  average  of  six  feet  thick  which  possibly  extends  the  length  of  the 

Base.  The  permeability  of  this  aquifer  probably  averages  close  to  2.5 
2 

gpd/ft  .  The  aquifer  is  flowing  at  a  gradient  approximating  0.01  per¬ 
cent.  The  flow  of  the  aquifer  is  therefore  approximately  one  gallon  per 
foot  of  cross-section  per  day.  Based  on  pianp  test  resiilts,  a  «rell  in 
this  aquifer  would  be  capable  of  pushing  no  more  than  150  gallons  per 
day.  To  pwp  out  the  aquifer  would  therefore  theoretically  require  one 
well  for  every  150  feet  of  cross-section.  However,  the  cone  of  depres¬ 
sion  for  each  well  would  extend  only  a  few  feet  from  the  well  point 
because  of  the  low  permeability  of  the  shallow  sands.  nierefore,  in 
order  for  the  cones  of  depression  to  interfere  with  each  other,  the  well 
points  probably  would  have  to  be  placed  closer  than  one  foot  on  center. 
Such  a  system  is  probably  infeasible  under  these  conditions.  This  means 
that  alternatives  which  entail  pimping  water  from  the  first  sands  zone 
or  injecting  material  into  the  ground  will  not  work  at  McClellan  AFB. 
Further  discussion  on  this  limitation  is  contained  in  Appendix  T. 


1 


SECTION  6 
RECOMMENDATIONS 


I 


i 


hlfiL 


CHXPTSR  6 


RBCOMtSNDATXONS 

The  following  rocaamandations  for  prevantiv*  or  corrective  nuiasurea 
will  aceonpllah  the  protection  of  public  health  on  and  off  the  Baeet  as 
trail  as  mitigation  of  environmental  impacts  that  have  occurred  or  may 
occur  off  Base  as  a  result  of  past  disposal  and  storage  practices  at 
McClellan  AFB.  The  recosnaandations  are  divided  into  three  categories 
addressing  the  impacts  of  affected  materials,  on-base  water  supply,  and 
off-base  water  supply.  These  recommendations  are  stmusarized  on  Table 
6.1.  Included  with  the  recaamtendations  is  a  recoamtanded  priority  for 
implementation . 

AFTBCTEO  HATERZALS 

Chapter  S  discussed  the  estimated  volume  of  affected  disposed 
material  as  well  as  the  total  volume  of  affected  material  reaching  to 
the  shallow  groundwater.  The  extensive  volvnes  which  would  require 
disposal  or  treatment  following  excavation  would  cause  this  approach  to 
be  prohibitively  costly.  Table  4.23  delineated  the  sites  that  may  have 
affected  groundwater  quality.  ficcavating  solely  the  disposed  material 
in  these  sites  would  amount  to  over  an  estimated  one  million  tons  of 
material  to  be  hauled  and  disposed.  Bemoval  of  the  affected  materials 
would  not  mitigate  the  existing  shallow  groundwater  quality  problems. 

It  is  therefore  recceaMnded  that  Sites  4,  8,  and  40  be  closed  to 
meet  RCBA  requirements.  This  will  entail  development  of  a  closure  and 
post-closure  plan  that  must  be  approved  by  the  California  Deparhaent  of 
Health  Services.  Disposal  site  4,  the  currently  open  sludge  pit,  should 
be  abandoned  by  placing  4  feet  of  soil/cament  mixture  into  the  pit  to 
absorb  available  moisture.  The  site  should  then  be  graded  and  capped 
with  izqpezmeable  material  to  prevent  infiltration  of  surface  moisture. 
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TABLE  6 


TMLB  IContifiiMd) 


Mo  further  ectlon  is  rscosnsnded  for  Site  46,  from  which  soils  contain¬ 
ing  PCB's  have  been  resraved  by  the  Air  Force  and  transported  to  an 
approved  PCB  site. 

To  prevent  precipitation  moisture  from  contacting  affected  mate¬ 
rials  it  is  reccoBended  that  sites  found  to  is^ct  groundwater  quality 
be  capped  with  an  isq^rmeable  barrier.  rRie  barrier  may  be  constructed 
of  asphalt,  concrete,  clay,  or  other  suitable  material  depending  on  the 
individual  site  location  in  relation  to  Base  activities.  Each  site 
should  be  inspected  to  determine  if  a  cap  is  necessary,  nils  inspection 
may  Include  physical  and  chemical  analysis  of  surface  materials. 
Affected  sites  and  corresponding  areas  are  delineated  on  Table  6.1. 
Because  of  the  level  of  constituents  in  the  groundwater  beneath  Area  0 
it  is  recommended  that  sites  in  this  area  be  given  top  priority. 

OH-BASB  WATER  S(IPPI.T 

To  protect  the  on-base  water  supply  it  is  reccsmiended  that  Base 
production  wells  known  to  have  gravel-packed  casings  be  sealed  by  slant 
drilling  at  depths  from  75  feet  to  120  feet.  This  would  include  Base 
wells  1,  7,  8,  18,  20,  and  29.  FOr  Baso  wells  10,  11,  12,  and  13,  for 
which  no  well  logs  exist,  video  cameras  should  be  lowered  into  the  wells 
to  ascertain  whether  they  trere  constructed  by  cable-tool  methods.  Zf 
they  were  constructed  by  c^lble  tool,  there  would  be  no  gravel  packs,  and 
the  wells  would  require  no  further  corrective  measures.  If  the  wells 
did  have  gravel  packs,  sealing  would  be  required  by  slant  drilling. 
Base  well  2,  with  perforations  starting  at  100  feet,  is  located  in  an 
inaccessible  well  house.  The  well  house  should  be  removed  and  the  well 
abandoned  by  pressure  grouting  the  gravel  pack  through  existing  perfora¬ 
tions. 

Base  monitoring  wells  1,  2,  3,  and  4  should  be  abandoned  by  sealing 
the  gravel  pack,  nils  can  be  accomplished  by  pressure  grouting  directly 
into  the  well  casings;  the  grout  would  flow  through  the  perforations  and 
move  into  the  gravel  packs. 

Although  the  industrial  waste  line  near  Building  251  was  found  to 
have  potential  exfiltration  problems,  the  constituents  in  water  from 
nearby  closed  production  wells  were  not  the  same  as  those  found  in  the 


■oil  b«naAth  th«  lln«.  However,  the  industrial  waste  line  could  be  a 
constant  source  of  water  for  recharge  into  the  first  sands  zone.  in 
addition,  trace  aetals  were  found  in  soils  beneath  the  industrial  waste 
line  which  could  leach  into  the  water-bearing  zone.  To  elisd.nate  this 
possibility  other  portions  of  the  industrial  waste  line  should  be 
exsBlned  across  the  Base.  The  line  in  front  of  Building  251  should  be 
surveyed  and  Inspected  for  structural  integrity,  then  repaired  or 
replaced  depending  on  the  results  of  the  survey.  Abandoned  manhole  33X 
and  the  inlet  and  outlet  lines  should  be  removed. 

After  sealing  Base  supply  wells  and  Base  monitoring  wells,  monitor¬ 
ing  should  be  isg>lemented  on  a  regular  basis  and  should  continue  indef¬ 
initely  until  such  time  as  deemed  no  longer  necessary.  As  noted  on 
Table  6.2,  Base  supply  wells  should  be  monitored  monthly  and  all  moni¬ 
toring  wells  should  be  monitored  annually.  Constituents  to  be  amalyzed 
should  include  a  tracer  from  the  following  groups:  volatile  compounds 
(TCB) ,  acid  compounds  (pentaehlorophenol) ,  and  base/neutral  cos^unds 
( 1,2-dichlorobenzene) . 


TABLE  6.2 

MONITORING  PROGRAM  FOR  ON-BASE  AMD  OFF-BASE  NELLS 
MCCLELLAN  AFB,  CALIFORNIA 


Hells  to  be  Monitored 

Monitoring  Frequency* 

Base  Production  Hells 

Monthly 

Monitoring  Hells 

Base  monitoring  wells 

Stages  I  and  II  wells 

Annually 

Annually 

Off-Base  Hells 

City  Hells 

(150, 132, 131,137, 127, 136, 126, 138, 
135,155,50,48,61,  and  52) 

Semiannually 

Private  Hells 

13  wells  west  of  Base  within 

5,000-foot  radius 

Semiannually 

a  All  wells  should  be  analyzed  for: 

1 .  Volatile  coi^und  (TCB) 

2.  Acid  co^ound  (pentaehlorophenol) 

3.  Base/neutral  compound  (1,2-dichlorobenzene) 
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OFF -BASE  WATER  SUPPLY 


It  Is  recooBBendsd  that  efforts  to  protect  off-base  water  supply  be 
initiated  isnedlately  by  infonslng  local  agencies  of  the  need  to  seal 
affected  well  gravel  packs  to  a  depth  of  120  feet.  In  addition,  con¬ 
tacts  should  be  initiated  with  the  local  regulatory  agencies  to  ensure 
that  new  wells  being  installed  downgradient  from  the  Base  boundaries  are 
grouted  to  a  mlnimiai  depth  of  120  feet. 

Because  of  the  geological  formation  of  the  first  water-bearing 
sands  beneath  HcClellan  AFB,  pwplng  removal  of  affected  water  or  injec¬ 
tion  of  grout  curtains  or  slurry  walls  is  not  practical.  The  installa¬ 
tion  of  a  French  drain  by  conventional  trenching  and  shoring  techniques 
is  also  not  feasible  because  of  the  depth  to  groundwater.  To  prevent 
future  migration  of  affected  shallow  groundwater  off  Base  it  is  suggest¬ 
ed  that  investigations  be  initiated  to  determine  the  feasibility  of 
construction  of  an  interception  drain  system  along  affected  Base  bound¬ 
aries. 

If  such  a  system  is  determined  to  be  feasible,  individual  drain 
units  could  be  Installed  at  about  1,000-foot  intervals  along  affected 
Base  boundaries.  Evacuated  water  then  could  be  pumped  to  the  existing 
industrial  wastewater  system  or  to  a  omall  package  treatment  unit. 
Based  on  flow  calculations  the  treatment  system  would  have  to  be  large 
enough  to  handle  between  IS  and  20  gallons/minute  from  the  entire 
downgradient  Base  boundary.  Treatment  would  probably  consist  of  air 
stripping,  carbon  adsorption,  and  possibly  coagulation/flocculation. 
The  exact  nature  of  the  treatment  system  would  be  determined  by  perform¬ 
ing  pilot  tests  on  groundwater  sasples. 

It  is  recommended  that  the  development  of  an  interception  pipe  be 
initiated  as  a  Ihase  III  action  under  IRP.  Since  this  is  an  unproven 
technology  it  is  recommended  that  a  scaled-down  field  demonstration  be 
conducted  to  evaluate  feasibility.  If  feasibility  is  proven  then 
installation  of  such  a  system  downgradient  from  Area  D  is  recommended. 
That  Installation  would  include  intensive  monitoring  to  determine 
full-scale  system  effect! /eness.  If  proved  effective  the  system  would 
then  be  installed  downgradient  from  other  areas  in  the  following  prior¬ 
ity:  Subarea  C-1,  Area  B,  Subarea  C-2,  and  Area  A. 
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APPENDIX  A 
SCOPE  OF  WORK 
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INSTALLATION  RESTORATION  PROGRAif 
PHASE  II  FIELD  EVALUATION 

McClellan  afb,  California 

I.  DESCRIPTION  OF  PROPOSED  TASK 

Tb.0  purpose  of  this  task  is  to  detexaiae  tke  magnitude  and  extent  of 
environmental  contamination  which,  has  resulted  from  previous  waste  disposal 
practices  at  McClellan  AFB,  California;  to  make  recoiamendations  for  actions 
necessary  to  mitigate  adverse  environmental  effects  of  existing  contamination 
problems;  to  suggest  potential  ways  of  restoring  the  environment  to  as  near  a 
normal  level  as  is  practical;  and,  to  suggest  a  future  environmental  monitor¬ 
ing  program  to  document  environmental  conditions  at  McClellan  AFB. 

The  presurvey  task  (Order  18)  report  incorporated  background  and  descrip¬ 
tion  of  the  sites  for  this  task.  To  accomplish  this  survey  effort,  the  fol¬ 
lowing  steps  will  be  taken. 

A.  Review  all  available  background  data  to  develop  a  comprehensive 
working  knowledge  of  past  and  present  base  operations  as  they  relate  to  use 
and  disposal  of  potentially  hazardous  materials.  Included  in  this  review  will 
be  the  Phase  I  DtP  survey  report  for  McClellan  AFB  prepared  by  CH  M  Hill,  Inc. 
of  Gainesville  FL,  and  the  Final  Report  for  Investigating  Groundwater  Contami¬ 
nation  as  of  30  April  1981,  for  McClellan  AFB  by  Bruner  and  Zipfel  of  the  Air 
Force. 


B.  Visit  McClellan  AFB  and  obtain  samples,  from  the  twelve  (12)  ex¬ 
isting  monitoring  wells.  A  total  of  twelve  (12)  samples  should  be  collected 
from  these  wells  and  analyzed  for  TCE  content  and  organic  priority  pollutants 
using  GC/Hs. 

C.  Samples  will  be  collected  from  ten  (10)  production  wells  located 
at  McClellan  AFB.  Four  (4)  wells  are  known  to  be  contaminated.  Samples  will 
be  collected  from  each  of  these  four  (4)  wells;  six  (6)  other  production  wells 
will  also  be  selected  for  sampling.  A  total  of  ten  (10)  samples  will  be 
analyzed  for  organic  priority  pollutants  utilizing  GC/MS  and  for  TCE  content. 

D.  All  of  the  foregoing  data  will  be  reduced  and  a  drilling  program 
will  be  developed  to  produce  further  data  required  to  characterize  the 
problem. 


E.  Upon  Air  Force  review  of  the  preliminary  analysis  and  recommended 
well  drilling  program,  the  well  drilling  phase  will  be  implemented.  A  total 
of  thirty  (30)  monitoring  wells  will  be  installed  in  two  (2)  stages.  •  In  this 
effort,  fifteen  (IS)  wells  will  be  installed  in  Stage  I.  Samples  will  be 
collected  from  each  of  these  wells  and  analyzed  for  organic  and  heavy  metal 
priority  pollutants  utilizing  GC/MS  and  AA.  Based  upon  these  results  and 
other  information  gained  in  Stage  I,  Stage  II  will  be  implemented.  In-  this 
stage,  fifteen  (IS)  additional  monitoring  wells  will  be  located  and  installed. 
Samples  will  be  collected  from  each  of  these  fifteen  (IS)  wells  and  analyzed 
for  organic  and  heavy  metal  priority  pollutants  utilizing  GC/MS  and  AA. 
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F.  All  of  the  inforsatioa  developed  in  Stage  I  will  be  integrated 
with  that  ox  Stage  ZI  and  an  interim  draft  report  will  be  developed.  Reeoa-* 
mendations  will  be  made  and  further  drilling  needs  will  be  identified. 

6.  The  total  magnitude  and  extent  of  contamination  found  in  Stages  I 
and  II  must  be  identified.  To  accomplish  this  task,  a  total  of  twenty-three 
(23)  additional  monitoring  wells  will  be  installed.  Samples  will  be  collected 
from  each  of  these  twenty-three  (23)  monitoring  wells.  An  additional  thirty 
(30)  samples  will  be  collected  from  monitoring  wells  previously  installed  at 
McClellan  AFB.  The  following  nnabers  and  types  of  analyses  shall  be  performed 
on  appropriate  samples:  23  heavy  metals;  S3  GC/MS  organic  scans;  and  S3 
cyanide  tests. 

H.  Prodnction  Veil  Number  7  at  McClellan  AFB  was  closed  because  of 
cresylic  acid  contamination  many  years  ago.  The  exact  location  of  this  well 
is  not  known.  The  contractor  will  review  CE  records  of  buried  water  distri¬ 
bution  facilities  in  order  to  localize  the  search  area.  The  contractor  will 
locate  Veil  Nombcr  7,  excavating  as  required.  A  steel  casing  will  be  in¬ 
stalled  to  bring  the  wellhead  to  ground  surface.  An  attempt  will  be  made  to 
clean  out  and  sample  the  well.  If  the  well  cannot  be  sampled,  one  of  the 
monitoring  wells  from  Task  G  above  will  be  installed  in  this  area.  Four 
ground  water  samples  will  be  obtained  from  wells  in  this  area  and  analyzed 
for  cresylic  acid. 

I.  Contamination  of  the  ground  water  by  aliphatic  hydrocarbons  is 
suspected  in  the  area  around  Bldg  704.  Four  ground  water  samples  will  be 
obtained  from  monitoring  wells  in  this  area  and  analyzed  for  aliphatics. 

J.  A  pump  test  will  be  conducted  on  Veil  Number  28  to  determine 
general  aquifer  characteristics.  Two  (2)  piezometers  will -be  installed  at 
predetermined  locations.  Vater-level  measurements  will  be  taken  duaseg 
pumping  to  determine  aquifer  characteristics. 

K.  A  total  of  four  (4)  water  samples  shall  be  obtained  from  wells  17 
and  18  near  the  old  PCB  site.  These  samples  shall  be  analyzed  for  PCBs. 

L.  The  integrity  of  the  industrial  waste  collection  system  in  the 
vicinity  of  Building  251  will  be  evaluated.  The  line  will  be  temporarily 
plugged  and  flooded.  The  static  watsr  level  will  be  monitored  to  determine  if 
exfiltration  from  the  industrial  waste  line  is  occurring. 

M.  Install  three  (3)  ten-foot  deep  auger  holes  at  selected  locations 
along  the  industrial  waste  collection  line  in  the  vicinity  of  Building  251. 

Six  (6)  samples  will  be  examined  to  determine  if  industrial  waste  contamina¬ 
tion  is  occurring  by  performing  GC/MS  scans  and  heavy  metal  analyses. 

N.  Monitor  ambient  air  quality  for  total  hydrocarbon  at  each  site 
described  above  during  drilling  operations. 


O.  All  wells  installed  by  tbe  contractor  shall  be  in  accordance  with 
USATBA3IA  well  installation  guidelines.  A  copy  of  these  guidelines  has  been 
provided  to  the  contractor.  Additionally,  the  bottom  ten  feet  of  well  casing 
will  be  made  of  316  stainless  steel. 

P.  Data  collected  in  this  task  oast  be  reviewed  and  assessed  to 
include  the  following  major  items: 

1.  preparation  of  stratigraphic  cross-sections, 

2.  preparation  of  graphical  displays  of  principal  data 

parameters, 

3.  preparation  of  piezometrie  surface  maps  for  the  shallow 

aq.uifer, 

4.  preparation  of  a  flow  net  map  for  the  shallow  aquifer. 

Q.  Preliminary  concept  engineering  analysis  for  remedial  actions  will 
be  accomplished  and  conceptual  remedial  action  plans  prepared  for  each  con¬ 
taminated  area  discovered  during  this  investigation. 

R.  Prepare  a  final  report  which  will  document  all  snrvey  activities 
conducted  at  McClellan  AFB.  This  report  will  include  applicable  raw  data,  all 
maps  and  computations  and  all  remedial  action  plans  prepared  pursuant  to  this 
project.  The  magnitude  and  extent  of  environmental  contamination  will  be  de¬ 
lineated.  Recommendations  for  actions  necessary  to  mitigate  adverse  environ¬ 
mental  effects  of  existing  contamination  problems  must  be  included.  Potential 
ways  of  restoring  the  environment  to  as  near  a  normal  level  as  is  practical 
will  also  be  included.  Future  environmental  monitoring  programs  necessary  to 
document  enviroxunental  conditions  at  McClellan  AFB  must  also  be  included. 

S.  McClellan  AFB  personnel  will  survey  all  monitoring  wells  described 
above.  The  wells  will  be  surveyed  to  tolerances  of  ±  3-feet  horizontally  and 
+0.1  foot  vertically. 

T.  Meet  with  representatives  of  EQ  AFLC/DE/SG,  McClellan  AFB/SG/DE, 
AFMSC,  and  the  USAF  OEHL  four  times  during  this  project  to  review  progress  of 
investigations,  and  resolve  problems  which  may  be  encountered.  Two  nestings 
will  be  held  in  Sacramento  CA  and  two  will  be  held  at  the  Engineering  Science 
Office  in  Arcadia  CA. 

II.  SITE  LOCATIOM  AND  DATES 

McClellan  AFB,  California 

Bldg  334,  Bioenvironmental  Engineering 

23  Sep  1981 

III.  BASE  SUPPORT.  McClellan  AFB  will  provide  adequate  office  and  field  labor¬ 
atory  space.  ‘ 
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GOVONMENT-FURNISTTFn  PTtfiPFPTV-  None . 

GOVERNMENT  TECHNICAL  PQIOTS  OF  CONTACT: 

1.  Or  Dee  Ann  Sanders 
DSAF  OEHL/EOr 
Brooks  AFB  TI  78235 
(512)  536-3305 


2.  Lt  Col  Milo  M7ers 

DSAF  Clinic  McClellan/SGB 
McClellan  AFB  CA  95652 
(916)  643-3672 


3.  Mr  Paal  Bruner 

2852  Civil  Engineers/DEEX 
BIcClellan  AFB  CA  95652 
(916)  643-3336 
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water  quality  in  the  Tahoe-True kee-Car son  Rivers 
system  of  Cali f omia-Nevada  and  the  Jordan  River-Utah 
Lake  system  near  Salt  Lake  City,  Utah. 

Tov^s  Corporation,  Division  of  Planning  Research 
Corporation.  Project  Technical  Director.  Respon¬ 
sible  for  operation  of  the  Yizna  Desalting  Test 
Facility  for  the  O.S.  Bureau  of  Reclamation;  nonpoint 
runoff  studies  tor  Tucson,  Arizona,  and  Orange 
County,  California;  studies  of  the  impact  of  aban¬ 
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Engineering-Science .  Project  Technical  Advisor . 

Responsible  for  technical  direction  of  projects  | 

involving  preliminary  water  quality  studies  and 

master  planning,  water  resources  development,  solid  ^ 

waste  management/resource  recovery,  and  v'estewater 
collection,  treatment  and  disposal.  Project  activ¬ 
ities  include  development  of  a  master  plan  tor 
wastewater  management  for  the  Greater  Seoul,  Korea, 
area.  Served  as  Project  Manager  for  conceptual 
design  of  an  Industrial  waste  management  program  for 
zero  discharge  for  IBM  at  Tucson,  Arizona. 


Publications 

"Gas  Generation  and  Movement  in  Landfills,"  Proceedings ;  National 
Industrial  Solid  Waste  Management  Conference,  Houston,  Texas,  March 
1970  (Coauthor  J.  P.  Callinan) . 


"Steady-State  Water  Quality  Modeling  in  Streams,"  Journal  Environ¬ 
mental  Engineering  Division,  American  Society  of  Civil  Engineers, 
April  1975  (Coauthors  J.  Dracup  and  R.  Willis). 
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Donald  R.  Andarson  (Continued) 


"Water  Quality  Modeling  in  Deep  Reservoirs,"  Journal  Water  Pollu¬ 
tion  Control  Federation.  January  1976  (Coauthors  J.  Oracup  and  T. 
Fogarty) . 

"Transient  Water  Quality  Modeling  in  Streaas,"  Water  Resources 
Bulletin,  American  Water  Resources  Association,  February  1976 
(Coauthors  J.  Oracup  and  R.  Willis). 

"An  Integrated  Pretreataent  System  for  Reverse  Csmosis,"  Proceed¬ 
ings;  International  Desalination  and  Environmental  Association, 
Tokyo,  Japan,  December  1977. 

"Application  of  Aerobic  Composting  in  the  Disposal  of  Liquid  Palm 
Cil  Wastes,"  Proceedings;  Asia  Aotiatech.  Singapore,  Malaysia,  March 
1980  (Coauthors  R.  White  and  C.  Ponniah) . 

"Surface  Impoundment  of  Hazardous  Wastes,"  Proceedings ;  Con ference 
on  Hazardous  Materials  Control  of  the  Hazardous  Materials  Control 
In^stitute,  Baltimore,  Maryland,  August  1981  (Coauthors  F.  Sowerman 
and  J .  Mang) . 

Patents 

Magnesium  Substitution  Process  for  Removal  of  Calcium  rn  Brines: 
a.S.  Patent  No.  4,036,749 

Biological  Denitrification  of  Nitrate-containing  Waters  Using 
Cellulose  as  the  Crganic  Energy  Source:  U.S.  Patent  No.  4,039,048 
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Biographical  Data 

FRANK  R.  BCWBRMAN 
Civil  and  Sanitary  Engineer 


[Pll  Redacted] 


Education 

B.S*  in  Engineering,  1947,  California  Institute  of  Technology 
M.S.  in  Civil  Engineering,  1948,  California  Institute  of  Technology 

Professional  Affiliations 

Registered  Professional  Engineer  (California  No«  8112) 

American  Academy  of  Environmental  Engineers  (Oiplomate;  President, 
1973) 

American  Public  Worica  Association  (National  Director-at-Ierge, 
1974-1977;  President,  Institute  for  Solid  Wastes,  1966) 

American  Society  of  Civil  Engineers  (Fellow;  vice  President,  Los 
Angeles  Section,  197S) 

California  Water  Pollution  Control  Association 
Water  Pollution  Control  Federation  (National  Director-at-Iarge , 
1965-1968) 

Honorary  Affiliations 

Charles  Walter  Nichols  Award  (American  Public  wor)cs  Association, 
1965) 

Government  Refuse  Collection  and  Disposal  Association 

Rudolph  Haring  Medal  (American  Society  of  Civil  Engineers,  1962} 

Chi  Epsilon 
Sigma  Xi 
Tau  Beta  Pi 

Special  Appointments 

California  Governor's  Council  on  Earthqua)ces 
California  State  Solid  Waste  Management  Board  (1973-1975) 

Pollution  Committee,  National  Research  Council/National  Academy  of 
Sciences  S«amiar  Research  Center  at  Woods  Hole,  Massachusetts 
(1965) 

President's  Office  of  Science  and  Technology  (Consultant) 

Refuse  Disposal  Practices  Coniaittee,  American  Society  of  Civil 
Engineers 

Science  Advisory  Board,  a. S.  Environmental  Protection  Agency  (Envi¬ 
ronmental  Consultant) 

Sewerage  and  Sewage  Treatment  Committee,  American  Society  of  Civil 
Engineers  (Chairman,  1952-1955) 

Smithsonian  Institution  (Consultant) 
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Frank  R.  Bowerman  (Continued) 


Solid  Waste  Advisory  CoBunittee,  California  State  Department  of 
Public  Health 

Solid  Waste  Management  Committee,  National  Academy  of  Engineering 
Qhited  Nations  Development  Program  (Consultant) 

Uhited  States  Information  Agency  (Consultant) 

0. S*  Public  Health  Service  (Consultant) 

Waste  Disposal  Committee,  Air  Pollution  Control  Association  (Chair¬ 
man,  19S5-1960) 

Experience  Record 

1948-1966  Los  Angeles  County  Sanitation  Districts.  Sanitary 
Engineer  (1948-1958)  and  Assistant  Chief  Engineer 
(1958-1966).  Developed  and  implemented  a  regional 
transfer  station  and  sanitary  landfill  and  hazardous 
waste  management  program  to  serve  four  million 
persons.  Coauthored  bulletin  on  municipal  incinera¬ 
tion  as  sanitary  engineering  consultant  to  the 
Ohiversity  of  California. 

Supervised  a  comprehensive  investigation  and  report 
on  the  collection  and  disposal  of  refuse  in  the 
county  sanitation  districts  as  well  as  a  report  on 
planned  refuse  disposal.  Represented  the  districts 
fbr  preparation  of  a  joint  report  with  the  Los 
Angeles  County  Flood  Control  District  concerning  the 
potential  reclamation  of  sewage  wasting  to  the  ocean 
in  Los  Angeles  County.  Also  participated  in  the 
study  of  sewerage,  air  and  water  pollution  control, 
and  solid  waste  collection  and  disposal  throughout 
the  Qhited  States. 

1966-1968  Aerojet-General  Corporation.  Assistant  to  the  Vice 
President  -  Development.  Served  as  Program  Manager 
for  a  solid  waste  management  system  study  at  Fresno, 
a  typical  urban/agricultuzal  complex,  for  the  Calif¬ 
ornia  State  Public  Health  Department  under  a  matching 
fund  grant  from  the  U. S.  Public  Health  Service, 
Department  of  Health,  Education  and  Welfare.  Direc¬ 
ted  a  system  study  of  solid  waste  management  for  the 
Kansas  City  Metropolitan  Regional  Planning  Commis¬ 
sion,  funded  under  a  matching  grant  from  the  Q. S. 
Public  Health  Service,  Bureau  of  Solid  Waste  Manage¬ 
ment,  Department  of  Hee-lth,  Education  and  welfare. 

1969-1970  Engineering- Science.  Vice  President.  Responsible 

for  projects  involving  the  design,  construction,  and 
operation  of  solrd  waste  management  systems  for 
cities  and  industries. 
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FranJc  :it.  Bovcrman  (Continuad) 


1970-1975  CJnivarsity  of  Southern  California.  Chairman,  Depart¬ 
ment  of  Civil  Engineering  (1970-1973). 

Profeasor  and  Director  of  Environmental  Engineering 
Prograas  (1970-1975).  In  responsible  charge  of  the 
iaplanentation  of  graduate  degree  programs  in  envi¬ 
ronmental  engineering,  as  well  as  research  and  devel¬ 
opment  projects  and  coasnunity-celated  educational 
activities . 

1975-1978  COM,  Inc.,  Environmental  Engineers.  President. 

Directed  operations  of  California-based  subsidiary  of 
Camp  Dresser  fi  McKee,  Inc.  Projects  involved  water 
supply,  wastewater  collection  and  treatment,  drainage 
and  flood  control,  solid  waste  management,  and  related 
areas  of  environmental  engineering. 

1978-Oate  Engineering-Science.  Senior  Vice  President.  Respon¬ 
sible  for  management  and  conduct  of  environmental 
engineering  projects  involving  such  specialties  as 
sewerage,  marine  waste  disposal,  solid  and  hazardous 
waste  management,  and  water  supply.  Activities 
include  facility  planning,  design,  construction,  and 
system  operation  assistance. 

Serves  as  Director  of  hazardous  waste  management 
programs  companywide.  Cond\icts  national  and  regional 
hazardovis  waste  management  seminars  and  supervises 
design  of  remedial  hazardous  waste  control  measures 
for  industrial  facilities.  Served  as  project  manager 
on  development  of  a  comprehensive  solid  waste  manage¬ 
ment  system  for  Orange  County,  California,  and  a  study 
of  the  feasibility  of  co-disposal  of  municipal  sludge 
and  refuse  for  the  Orange  County  Sanitation  Districts. 
Served  as  technical  director  of  hazardous  waste  inves¬ 
tigations/groundwater  monitoring  studies  and  at  two 
California  Air  Force  bases  as  part  of  the  D.S.  Arr 
Force’s  Installation  Restoration  Program  -  Phase  II. 
Other  recent  projects  include:  Investigation  of  soil 
and  groundwater  contamination  at  a  semiconductor  firm 
which  included  representation  at  government  agency 
meetings  for  institution  of  an  ameliorative  program; 
investigation  of  trace  metal  distribution  in  soil  to 
determine  the  extent  of  contamination  v^ich  resulted 
from  past  handling  practices  at  Drew  Manufacturing 
Company  in  Berkeley,  California;  and  development  of 
soil  and  groundwater  contamination  cleanup  programs  at 
a  sead.conductor  firm  which  involved  sensitive  negotia¬ 
tions  with  state  and  local  agencies  on  acceptable 
ameliorative  measures. 
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Publications 


"Factors  Influencing  and  Limiting  the  Location  of  Sewer  Ocean 
Outfalls , "  Proceedings  of  Institute  of  Coastal  Engineering,  Uni¬ 
versity  of  California,  October  19S0. 

"Refuse  Disposal  Program  for  27  Cities  and  County  Area,"  Western 
City,  December  1950. 

"Past  and  Present  Municipal  Incinerators  in  the  United  States,” 
American  City,  March  1952. 

"Can  Waste  Heat  from  Refuse  Incinerators  be  Employed  Economical¬ 
ly?,"  Clyjl  Engineering,  May  1952. 

"Problems  in  Municipal  Refuse,"  Virginia  Municipal  Review,  May 
1953. 

"Integrating  Reclamation  and  Disposal  of  Wastewater,"  Journal 
American  Water  Works  Association,  Vol.  45,  Ho.  5,  May  1953. 

"Engineering  Waste  Disposal  to  Prevent  Air  Pollution,"  Proceedings 
of  Conference  on  Incineration,  Rubbish  Disposal,  and  Air  Pollution, 
Report  Ho.  3,  January  1955. 

"The  Membrane  Filter:  Advantages  and  Disadvantages,"  Water  and 
Sewage  Works,  Ho.  103,  January  1956. 

"Refuse  Collection  and  Disposal  in  the  west,"  Western  City,  Part  I, 
May  1958  and  Part  II,  June  1958. 

"Economic  Aspects  of  Engineering  Control  -  Land  Disposal  and 
Incineration,"  Proceedings  of  national  Conference  on  Air  Pollution, 
Washington,  D.C. ,  18-20  Hoyember  1958. 

"Diffusers  for  Disposal  of  Sewage  in  Sea  Water,"  Transactions  of 
American  Society  of  Civil  Engineers,  Vol.  126,  Part  III,  1961 
(Rudolf  Bering  Medal,  1961,  American  Society  of  Civil  Engineers). 

"Municipal  Refuse  Transfer  Stations,"  Americem  Public  Works  Asso¬ 
ciation  Yearbook,  1962. 

"Los  Angeles  County  Activities  in  Refuse  Disposal,"  Proceedings  of 
Hational  Conference  on  Solid  Waste  Management,  4-5  Ap  1  1966. 

"Changing  Concepts  in  Pollution  Control  Hardware,"  American  Engi¬ 
neer,  January  1968. 

"Comprehensive  Planning:  The  Systems  Design  Approach,  Part  II  of 
the  Fresno  Story,"  Proceedings  of  Institute  for  Solid  Wastes , 
American  Public  Works  Association,  1968. 
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Frank  R.  Bowerman  (Continued) 


"Lemd  Pollution  Abatement,"  Investment  Dealers  Digest,  Section  II, 
27  May  1969. 

■Solid  Waste  Disposal,"  Chemical  Enoineering  Deskbook,  27  April 
1970. 

"A  Decision  Theory  Approach  to  Solid  Waste  Management  System 
Selection,"  American  Public  Works  Association  Yearbook,  1971. 

"Environmental  Impact  of  Storm  Drainage  on  a  Semi-Enclosed  Coastal 
Water,"  Proceedings  of  Eighth  Marine  Technology  Society  Conference, 
1972,  pp.  763-770,  (Coauthors  K.  T.  Chen  and  M.  Petridis). 

"Mechanisms  of  Leachate  Formation  in  Sanitary  Landfills,"  Recycling 
and  Disposal  of  Solid  Wastes  (Ann  Arbor  Science  Publishers,  1974), 
pp.  349-367  (Coauthor  K.  T.  Chen). 

"Pyrolysis  as  a  Means  of  Sewage  Sludge  Disposal,"  Journal  Environ¬ 
mental  Engineering  Division,  American  Society  of  Civil  Engineers, 
1978  (Coauthors  M.  E.  Folks,  R.  A.  Lockwood,  B.  Sichenberger,  and 
K.  Y.  Chen) . 

Papers  and  Presentations 

"Microbial  Decomposition  of  Oil  and  Clay  Wastes  in  the  Soil," 
presented  at  45th  Annual  Conference,  Water  Pollution  Control 
Federation,  Cleveland,  Ohio,  September  1973  (Coauthors  B.  Loran., 

Y.  Tsai,  and  K.  Y.  Chen). 

"Surface  Impoundment  of  Hazardous  Waste,"  presented  at  Hazardous 
Waste  Disposal  Seminar,  Hazardous  Materials  Control  Research 
Insti tute ,  Bal timore ,  Maryl and ,  August  1981. 

"Hazardous  Wastes  in  Orange  County,  California,"  presented  to 
Environmental  and  Engineering  Council,  Orange  County  Chamber  of 
Connerce,  Santa  Ana,  California,  September  1982. 
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Biographical  Data 

ROBERT  E.  BROGDEN 

Hydrogeologist 


[Pll  Redacted] 


Education 

B.S.  in  Geology,  1968,  University  of  MebraaJca 
M.S.  in  Civil  Engineering,  1972,  University  of  Mebrasica 
Fortran  IV  Computer  Programming,  Groundwater  -  Surface  Water 
Relationships,  Modeling  of  Groundwater  Flow,  and  Surface 
Geophysics,  1975-1976,  U.S.  Geologicad.  Survey 

Professional  Affiliations 

National  Water  well  ^sociation 

Experience  Record 

1965-1968  U.S.  Geological  Survey,  Water  Resources  Division. 

Aide  (part-time).  Duties  included  geologic  logging 
of  samples  collected  during  test  hole  drilling  pro¬ 
grams,  stream  gaging  to  determine  groundwater  gains 
and  losses,  inventorying  irrigation  and  industrial 
wells  in  select  p^irts  of  the  state,  collection  of 
water  samples  for  regional  groundwater  studies,  and 
drafting  of  maps,  figures,  and  graphs  for  report 
publication. 

1965-1969  University  of  Nebras)ca,  Conservation  and  Survey  Divi¬ 
sion.  Aide  (part-time)  (1965-1968).  Duties  included 
geologic  logging  of  samples  collected  during  test 
hole  drilling  programs,  stream  gaging  to  determine 
groundwater  gains  and  losses,  inventorying  irrigation 
and  industrial  wells  in  select  parts  of  the  state, 
collection  of  water  samples  for  regional  groundwater 
studies,  and  drafting  of  maps,  figures,  emd  graphs 
for  report  publication. 

Hydrogeoloqist  (1968-1969).  Responsible  for  col¬ 
lection  and  interpretation  of  hydrologic  and  geo¬ 
logic  data  and  preparation  of  reports  describing 
the  occurrence  of  surface  water  and  groundwater 
supplies  throughout  the  state  in  connection  with 
the  county  groundwater  program.  Participated  in 
joint  study  with  U.S.  Geological  Survey  to  identify 
groundwater  and  surface  water  resources  of  Pierce 
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Robaxr  E.  Brogden  ( Continued) 


County,  Nebraska,  and  the  Slkhom  River  basin. 
Authored  report  describing  the  availability  and 
cheoical  characteristics  of  groundwater  and  surface 
water  in  Pierce  teunty.  Paurticipated  in  program  to 
identify  aquifer  subcrops  using  surface  geophysics 
and  other  techniques. 

1969-1971  United  States  Army. 

1972  South  Dakota  Geological  Survey.  Research  Geologist. 

Involved  in  county  groundwater  program.  Duties  in¬ 
cluded  oiapping  surficial  Pleistocene  deposits  and 
identifying  aquifers.  Responsible  for  interpretation 
of  geologic  emd  hydrologic  data  as  well  as  for  super¬ 
vision  of  drilling  operations,  electric  logging,  and 
other  field  investigations  in  the  Missouri  Coteau 
near  Pierre,  South  Dakota.  Initiated  study  to  iden¬ 
tify  the  occurrence  and  characteristics  of  the  Codel 
sandstone,  a  principal  water  supply  source  in  parts 
of  the  state. 

1972-1975  Leonard  Rice  Constilting  Water  Engineers,  Inc.  Ground- 
water  Geolocist  and  Senior  Hydrologist .  Engaged  in 
groundwater  euid  sxxrface  water  development  projects  in¬ 
cluding  analysis  of  quantity  emd  quality  capabilities 
of  individual  aquifers.  Supervised  test  hole  drilling 
programs,  aquifer  tests,  water  rights  investigations, 
and  report  preparation.  Served  as  Project  Manager  for 
preliminary  groundwater  and  surface  water  report  de¬ 
scribing  the  availability  of  water  for  energy-related 
development  of  Battlement  Mesa.  Developed  runoff  and 
snowpack  correlations  to  estimate  the  surface  water 
yields  of  ungaged  basins  in  west  slope  Colorado  and 
presented  testimony  in  water  and  district  courts  for 
groundwater  conflicts. 

1975-1976  U.S.  Geological  Survey,  Water  Resources  Division. 

Project  Hydrologist.  Supervised  investigations  re¬ 
lated  to  the  occurrence,  avail  ad)  ility,  and  chemical 
characteristics  of  groundwater  in  coal-rich  areas  of 
Colorado.  Participated  in  high  plains  groundwater 
studies  and  served  as  project  chief  on  a  Denver 
geologic  basin  study  describing  the  availability  of 
groundwater  in  the  Arapahoe  aquifer.  Involved  with 
the  Bureau  of  Land  Management's  Energy  Minerals  Re¬ 
habilitation  Inventory  and  Analysis  to  determine 
baseline  conditions  in  parts  of  the  state  that  were 
projected  to  be  intensely  mined.  Developed  reports  on 
the  water  supply  of  the  Southern  Ute  Indiim  Reserva¬ 
tion  and  the  geology  and  hydrology  of  the  Arapahoe 
aquifer. 
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Robert  E.  Brogden  (Continued] 


1976-1980  Leonard  Rice  Consulting  Water  Engineers,  Inc,  Ground- 
water  Geologist  and  Executive  Vice  President.  Super¬ 
vised  studies  involving  test  hole  drilling,  observa¬ 
tion  well  installation,  surface  water  and  groundwater 
monitoring  prograias,  and  determination  of  region^d.  and 
site-specific  aquifer  characteristics.  Served  as 
Project  Manager  on  deep  well  construction  projects  for 
wells  as  deep  as  2,300  ft.  Described  water  rights  and 
surface  water  and  groundwater  relationships  for  a 
large  Colorado  ranch.  Developed  technique  by  which 
natural  groundwater  contribution  to  consumptive  use  of 
crops  could  be  quantified. 

Directed  hydrologic  studies  in  western  Colorado  for 
numerous  coal  mine  operations.  Promoted  development 
of  natural  geologic  deposits  as  operating  groundwater 
reservoirs.  Conducted  investigations  in  Mew  Mexico, 
Ot^dl,  Colorado,  and  Wyoming  to  quantify  groundwater 
stored  in  naturally  occurring  reservoirs.  Provided 
expert  testimony  in  district  and  water  courts  for 
groundwater  conflicts. 

1980-Oate  Engineering-Science.  Hydrogeologist .  In  charge  of 
groundwater  development  projects,  surface  water 
investigations,  and  water  rights  studies.  Involved  in 
teat  hole  drilling,  well  design  and  completion, 
analysis  of  aquifer  quantity  and  quality  capabilities, 
and  presentation  of  expert  testimony  in  water  courts. 
Performed  compliance  review  of  mine  plans  for  the 
Office  of  Surface  Mining.  Other  projects  include 
quantification  of  impacts  of  Federal  Reserve  filing  on 
Wind  River  Reservation  in  Wyoming  as  well  as  impacts 
of  minimum  stream  flow  filings  on  proposed  and 
existing  surface  water  and  groundwater  rights  and 
developments.  Involved  in  soil  and  groundwater 
contamination  studies  at  two  semiconductor  firms  in 
California  including  examination  of  past  waste 
disposal  practices,  establishment  of  a  monitoring  well 
and  soil  boring  program  to  determine  the  extent  of 
contamination,  and  development  of  an  ameliorative 
program.  Also  participated  in  groundwater  monitoring 
and  soil  sampling  and  aned.ysis  for  development  of 
remedial  action  and  environmental  restoration  plans  at 
several  O.S.  Air  Force  Bases. 

Project  Manager.  Responsible  for  hydrologic  studies 
for  several  coal  mine  operations  in  Colorado  and 
neighboring  states,  including  Colowyo  Coal  Company, 
Texasgulf  Inc.,  Trinidad  Coal  Company,  Empire  Energy 
Company,  and  A.  T.  Massey,  Inc.  Supervised  design  and 
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Robert  E.  Brogden  (Continued) 


construction  inspection  of  high  capacity  wells  com¬ 
pleted  to  depths  as  great  as  2,500  ft  with  surface 
flows  of  3,000  gpm.  Managed  study  for  Newmont  Mining 
Services  (a  Magma  Copper  Subsidiary)  to  identify  lea]c* 
age  from  tailing  ponds,  direction  of  groundwater  flow, 
and  extent  of  groundwater  contasiination . 


1 


ES  CNOINIERINO-SCieNCt 

Biographical  Data 

STgPHEN  L.  DEgRIMG 

Sanitary  Engineer 


[Pll  Redacted] 


Education 

B.S.  in  Civil  Engineering  (Sanitary/Environmental  Engineer¬ 
ing),  1972,  Tufts  University,  Medford,  Massachusetts 
M.S.  in  Sanitary  Engineering,  1977,  University  of  California, 
Ber)celey 

Professional  Affiliations 

Registered  Professional  Engineer  (California  No.  C  26314) 

American  Society  of  Civil  aigineers 
American  Water  Worics  Association 
Water  Pollution  Control  Federation 

Honorary  Affiliations 

Chi  Epsilon 

Experience  Record 

1970-1971  Haley  &  Aldrich,  Inc.,  Cambridge,  Massachusetts. 

Soils  I,ab  Technician  and  Engineering  Assistant. 
Performed  shear,  Atterberg  limits,  and  consolidation 

tests. 


1971  Berman  C.  Protze,  Inc.,  Newton  Highlands,  Massachu¬ 
setts.  Concrete  Inspector.  Responsible  for  slump 
tests,  preparation  of  cylinders,  form  and  rebar 
examination,  and  safety  requirements  for  large  con¬ 
struction  projects  in  Boston,  Massachusetts. 

1972  I,ow«r  Cape  Foundation  Comp^uly,  Eastham,  Massachusetts. 
Foreman  of  concrete  construction  crew  and  responsible 
for  excavation,  setting,  and  placing  concrete  house 
foundation  footings. 


1973-Oate 


Engineering-Science.  Project  Engineer.  Involved  with 
all  phases  of  planning,  report  preparation,  design, 
and  specification,  bid  estimation,  and  construction 
supervision  on  water  supply  and  wastewater  disposal 
projects  as  well  as  inspection  of  sewer  lines  using 
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air  and  water  pressure  techniques.  Conducted  exten¬ 
sive  sewage  collection  systea  plan  checking  for  sub¬ 
division  development  for  a  municipal  sewer  district 
and  for  design  of  sewerage  collection  and  pumping  sys¬ 
tems.  Involved  in  Greater  Kathmandu,  Nepal,  Water 
Supply  and  Sewerage  Project  for  spring  and  well 
domestic  water  source  development  and  water  treatment 
plants  rehabilitation;  designed  80  km  of  water  and 
se%Mr  pipe  and  coordinated  aerial  survey,  soils 
testing,  raw  water  and  sewage  pump  stations  design, 
and  two  sewage  treatment  plant  designs.  Assisted  with 
the  Clean  Water  Grant  (PZ,  92-500,  Section  201 )  project 
report  and  environmental  impact  report  in  San  Diego 
County,  California,  which  called  for  a  sewer  district 
planning  study,  a  flow  metering  study,  and  design  of  a 
sewage  package  pumping  station,  force  main,  and  a 
four-compartment,  20-acre  percolation  pond.  Completed 
final  review  and  coordination  of  plans  and  specifica¬ 
tions  for  five  sewage  pump  stations,  6.3  miles  of 
gravity  sewer  and  force  mains,  and  a  sewage  treatment 
plant  expansion  for  a  sewerage  consolidation  project 
at  Monterey  Peninsula,  California. 

Senior  Project  Engineer.  Shared  responsibility  for 
design  of  a  2.7  mgd  Maryland  City  two-stage  pure 
oxygen  activated  sludge  sewage  treatment  facility 
including  flow  equalization,  nitrification,  solids 
contact  phosphorus  removal,  mixed  media  filtration, 
ozone  disinfection,  gravity  sludge  thickening,  anaero¬ 
bic  sludge  digestion,  and  sludge  filter  pressing. 
Responsible  for  design  of  an  i3-mila  treated  sewage 
effluent  land  outfall  and  plan  checking  sewage  collec¬ 
tion  system  designs  for  subdivision  developments  for 
the  Fallbrook  Sanitary  District  in  San  Diego  County, 
California.  Also  responsible  for  application  of 
safety  and  OSHA  procedures  required  for  maintenance  of 
complete  life  support  system  as  part  of  hazardous 
waste  cleanup  program  at  a  D.S.  Air  Force  base. 
Prepared  process  evaluation  and  design  of  solids 
handling  and  raw  sewage  equalization  facilities  for 
the  Rancho  Santa  Fe  pollution  control  plant  expansion. 

Involved 'in  the  World  Bank  funded  Coloiabo,  Sri  Lanka, 
Sewerage  Project  including  design  of  rehabilitation 
for  11  existing  pump  stations,  161  km  of  new  force 
mains  and  sewers,  14  new  pump  stations,  and  two  new 
1 , SOO-mm  diameter  ocean  outfalls.  Participated  in 
retrofitting  design  of  three  raw  sewage  pump  stations 
of  60,  30,  and  100  mgd  capacities  for  the  Greater 
Bombay  sewerage  project  in  India. 


2 


BS  INQINCERINQ-SCICNCE 


Staphan  L.  Daaring  (Continued) 


Project  Manager  (1979-Oate).  Developed  a  flood 
eonttol  plan  for  the  City  of  San  Marcos  including 
preliminary  ch^mnel  design  for  capacity  up  to  7,400 
cfs.  Managed  a  water  main  relocation  project  for  a 
section  of  new  Interstate  Highway  15  for  Rainbow 
Municipal  Water  District.  Supervised  a  water  treat¬ 
ment  ai^  distribution  system  study  investigating 
potable  water  quality,  fire  system  adequacy  and 
safety,  industrial  water  quality  criteria  at  the 
O.S.  Naval  Ship  Research  and  Development  Facility. 
Responsible  for  contract  administration  for  a  sewage 
treateent  facility  expansion  in  San  Diego  County, 
California. 
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Biographical  Data 

JBFTBZY  T.  DeZBIXAR 

Civil  Engineer 


Education 


B.A*  in  Mathematics  and  Sociology,  1972,  Oniversity  of  Minnesota 

B.S.  in  Zoology,  1974,  Oniversity  of  Minnesota 

M.S.  in  Civil  Engineering,  1978,  University  of  Minnesota 

Urban  Planning,  1979-1980,  University  of  California,  Los  Angeles 


Experience  Record 

1974-1977 


1978-1979 


1979-1980 


1980-1981 


Minnesota  Pollution  Control  Agency,  Division  of  Water 
Quality,  Roseville,  Minnesota.  Envirenaiental  Plemner. 
Responsible  for  development  of  water  gxiality  manage¬ 
ment  basin  plans  pursuant  to  Pederal  Water  Pollution 
Control  Act  Amendments  of  1972.  Other  duties  Included 
review  of  environmental  impact  documents  for  municipal 
wastewater  treatment  facilities,  administration  of 
the  ConstructioD  Grants  Program,  and  assessment  of  the 
potential  for  on-site  sewage  treatment  for  small 
cosaninlties . 

Los  Angeles  County  Sanitation  Districts,  Whittier, 
California.  Project  Engineer.  Responsible  for  prep¬ 
aration  of  envlrcnmental  impact  report  for  a  proposed 
wastewater  treatment  plant  expansion  in  the  Saugus- 
Newhall-Palencia  area.  Served  as  Project  Manager  for 
a  study  to  develop  mitigation  or  corrective  measures 
for  structural  deterioration  and  hydraulic  overloading 
in  the  districts'  main  sewer  system. 

The  Conservation  Foundation,  Washington,  D.C.  Re¬ 
search  Assistant.  Performed  engineering  study  of 
nonstructural  and  ecologically  sound  methods  of  runoff 
reduction  and  flood  control.  Identified  management 
practices  which  promote  natural  percolation  and 
storage  of  storm  water. 

U.S.  Army  Corps  of  Engineers,  Los  Angeles  District, 
California.  Project  Manager.  Supervised  biological 
investigations  related  to  flood  control  projects  in 
Rancho  Mirage  and  the  Whitewater  River.  Also  respon¬ 
sible  for  management  of  multipurpose  flood  control 
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project  for  Soleta,  California,  emphaaizin?  increased 
water  supply,  sediaent  control,  and  environmental  en¬ 
hancement  of  Goleta  Slough.  Developed  preliminary 
restoration  plans  for  Goleta  Slough,  initiated  sedi¬ 
ment  sampling  program  for  seven  Goleta  streams,  and 
developed  alternative  flood  control  and  water  supply 
plans.  Developed  and  conducted  extensive  public  and 
agency  involvement  program. 

1981-Oate  Engineering-Science.  Civil  Engineer.  Responsible  for 
conducting  engineering  studies  and  assessments  for 
hazardous  waste  disposal,  including  groundwater  well 
installation  and  monitoring,  evaluation  of  alternative 
waste  handling  systems,  investigation  of  the  fate  and 
effect  of  hazardous  materials,  assessment  of  water  and 
air  quality  Impacts,  and  facility  siting.  Participat¬ 
ed  in  development  of  cleanup  programs  for  existing 
sites  and  control  strategies  for  new  facilities. 
Investigated  potential  groundwater  and  soil  contamina¬ 
tion  associated  with  past  hazardous  waste  disposal  for 
a  sesdconductor  firm  and  the  O.S.  Air  Force. 

Conducted  engineering  studies  for  a  comprehensive 
solid  waste  management  program  for  Orange  County, 
California.  Performed  analysis  and  evaluation  of  the 
present  landfill  and  transfer  station  system,  the  need 
for  additional  or  improved  facilities  and  equipment, 
present  and  projected  waste  quantities  and  compos¬ 
ition,  materials  recovery,  landfill  gas  recovery, 
waste-to-energy  system,  hazardous  waste  management, 
financial  and  institutional  arrangements,  and  present 
and  projected  solid  waste  management  costs.  Performed 
engineering  analysis  of  available  solid  waste  quant¬ 
ities  and  traffic  considerations  for  a  co-disposal 
project  for  the  Orange  County  Sanitation  Districts. 


Publications 


"Effects  of  Water  Conservation  on  Sanitary  Sewers  and  Wastewater 
treatment  Pleuits,"  Jouraal  Water  Pollution  Control  Federation,  Vol. 
52,  Ho.  1,  January  1980,  pp.  76-88  (Coauthor  W.J.  Maier) . 

"Benefits  from  Water  Conservation  Depend  on  Comprehensive  Planning," 
Water  Resources  Bulletin,  Vol.  17,  Ho.  4,  August  1981,  pp.  672-677 
(Coauthors  W.J.  Maier  and  R.M.  Miller). 
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Biographical  Data 

LEHDA  E.  DOAME 
Envlronaantal  Sclantlst 


gdueatlon 

B.S.  in  Biology/finglish,  1972>  Pan  Aaarican  University,  Edinburg, 

Texas 

Water  Quality  Managettent  Worlcshop,  1973,  Texas  Water  Quality 
Board,  Bouston,  Texas 

M.Bd.  in  Secoadary'Science  Education,  1976,  University  of  Houston, 

Texas 

Professional  Affiliations 

Certified  Environnental  Study  Area  Leader  (National  Parle  Service, 
1973) 


Experience  Record 

1972-1979 


1980-1981 


1980-Oate 


La  Porte  independent  School  District,  La  Porte  High 
School,  La  Porte,  Texas.  Science  Instructor.  Devel¬ 
oped  and  iapleaented  classrocnt,  field,  and  laboratory 
curricula  in  the  physical  sciences,  general  biology, 
field  ecology,  vertebrate  zoology,  marine  biology,  and 
environmental  science/huaan  ecology.  Sponsored 
student  chapter  of  Earth  Awareness  Foundation,  organ¬ 
ized  annual  regional  environmental  symposium,  and  led 
field  studies  in  various  areas  along  the  Texas  Gulf 
Coast  and  in  central  Texas. 

George  C.  Page  Mus«.um,  Los  Angeles,  California. 
Museum  Aide.  Involved  in  preparation,  restoration, 
identification,  and  cataloging  of  fossil  specimens 
excavated  from  La  Brea  Pits  and  stored  in  the  Hancocic 
Collection.  Performed  microscopic  examination  of 
matrix  for  sorting  and  identification  of  microfoasils . 

Engineering-Science.  Environmental  Scientist. 

Participates  in  projects  involving  solid  and  hazardous 
waste  management,  air  and  water  pollution  control,  and 
other  environmental  and  engineering  programs.  Pre¬ 
pared  BCBA  contingency  plan  and  personnel  training 
program  for  W.R.  Grace  and  Company  syn fuels  plant  in 
Kantucicy.  Evaluated  sites  for  spent  shale  disposal 
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Lenda  S.  Ooane  (Continued) 


for  TOSCO  and  selected  site  based  on  various  ecolog¬ 
ical  criteria  and  archaeological  significance* 
Conducted  hazardous  material  spill  notification  and 
response  investigation,  evaluated  Comprehensive 
Environmental  Response,  Cootpensation  and  Liability  Act 
of  1980  (CSRCXA)  as  well  as  other  federal,  state,  and 
local  hazardous  waste  control  legislation,  and  edited 
reference  handbook  for  hazardous  waste  management 
under  RCRA.  Participated  in  resource  recovery/ trans¬ 
fer  system  study  for  the  Fresno-Clovis  metropolitan 
area  including  assessment  of  environmental  impacts  and 
technological  and  econcnie  evaluation  of  alternate 
transfer  and  recovery  operations. 

Responsible  for  data  collection  and  analysis,  identi¬ 
fication  of  current  and  future  hazardous  waste  genera¬ 
tion  patterns  and  disposal  practices,  regulatory 
analysis,  and  report  preparation  on  a  major  waste 
management  study  for  Orange  County,  California. 
Participated  in  project  involving  waste  identifica- 
tiOB,  site  selection,  and  conceptual  design  of  solid 
and  hazardous  waste  disposal  facilities  for  a  proposed 
TOSCO  oil  shale  processing  program.  Also  involved  in 
data  collection  and  report  preparation  for  hazardous 
waste  sttidies  at  Edwards  and  McClellan  Air  Force  Bases 
in  California,  Northrop  Aircraft  hazardous  materials 
identification,  development  of  Texaco  groundwater 
monitoring  plan,  coastal  water  quality  baseline  study 
for  a  major  South  American  petrochemical  manufacturer, 
landfill  methane  gas  migration  and  control  system 
evaluation,  and  ecological  study/ wetlands  evaluation 
of  a  hazardous  waste  disposal  site  for  Shell  Oil 
Compemy . 

Papers  and  Presentations 

"Symbiotic  Relationships  of  Zooxanthellae  and  Certain  Marine  Inver¬ 
tebrates,"  presented  at  Seventh  Annual  Biology  Seminar,  Pan  American 
University,  Edinburg,  Texas,  October  1971. 

"History  of  Medicine  in  Ancient  Cultures,"  presented  at  Multicul¬ 
tural  Education  Symposium,  University  of  Houston,  Houston,  Texas, 
November  1975. 

"Cultural  Assimilation  and  Ethnic  Identity:  .Melting  Pot  or  Salad 
Bowl?,"  presented  at  Multicultural  Education  Symposium,  University 
of  Houston,  Houston,  Texas,  NoveBd>er  1975. 

"Population  Trends  and  Related  Environmental  Considerations," 
presented  at  Science  Curriculum  Development  SesUjiar,  University  of 
Houston,  Houston,  Tsxas,  April  1976. 
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"Spill  Rasponsa:  Who  to  Notify?/"  presantad  at  Industrial  Waste 
Confaranca,  California  Watar  Pollution  Control  Association,  Los 
Anqalas,  California,  Fabruary  1982  (Coauthors  J.L«  Man?  and  F.R. 
Bowaxnan) • 
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Biographical  Data 

JAMISE  ggHAmil,  gh.D. 

Chamiat 


Education 

B.S.  in  Ganaral  Scianca,  1965,  Onivarsity  of  Tolado,  Ohio 
M.S.  in  Haproductiva  Physiology,  1971,  onivarsity  of  Toledo,  Ohio 
Ph.o,  in  Analytical  Cham is try,  1976,  Michigan  State  University, 
Bast  Lansing 

Electron  Optica,  Transmission  Blactron  Microscopy  (TS4),  and 
Scanning  Electron  Microsc^y  (SSt),  1976-*  1977,  Michigan  Stata 
University,  Lansing 

Professional  Affiliations 

American  Chemical  Society 

American  Association  for  the  Advancement  of  Science 


Experience  Record 

1977- 1978  Foster  Farms,  Livingston,  California.  Supervisor, 

Chemistry-Mutt it ion  Laboratory.  Basponsihle  for 
operation  of  nutrient  analysis  facility  for  major  food 
processing  company.  Developed  and  conducted  technical 
and  operational  training  wor)cshop8  for  laboratory 
personnel.  Also  conducted  independent  research  on 
protein  quality. 

1978- 1979  California  Water  Labs,  Modesto,  California.  Super¬ 

visor,  Organic  Residue  Division.  Responsible  for 
development  and  operation  of  the  trace  organics 
division  of  a  company  providing  comprehensive  water 
quality  analyses  for  government  and  industry.  Estab¬ 
lished  sampling,  sample  preparation,  and  analytical 
proced\ires  and  trained  laboratory  staff. 


1979-1981  Agri-Chem  Analytical,  Modesto,  California.  Owner. 

Responsible  for  administration  and  management  of  a 
consulting  laboratory  specializing  in  emalysis  of 
soils,  water,  and  chemicals  for  the  agriculture/ agri¬ 
cultural  chemical  industries. 


1979-1981 


Valley  Fresh  Foods,  Inc.,  Turlock,  California. 
Laboratory  Manager.  Responsible  for  the  design  and 
operation  of  a  nutrient  chemistry  laboratory,  as  well 
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Jemisa  Ehmann,  Ph.O>  (Continued) 


as  for  the  traiiiing  of  all  laboratory  personnel. 
Conducted  a  feasibility  study  of  the  treatment, 
by-product  recovery,  and  land  disposal  of  industrial 
wastewater  effluent  for  a  new  processing  plant  for  the 
Department  of  Ecology,  Olympia,  Washington.  Carried 
out  a  comprehensive  in-plemt  waste  generation  emd 
reduction  study  including  analysis  of  daily  water 
consumption  and  development  of  a  water  conservation 
program.  Established  light  microscopy  procedures  for 
examination  of  certain  feed  ingredients . 

1981  Environmental  Research  Srot^,  Qseryville,  California. 

‘technical  Director.  Responsible  for  the  efficient 
operation  of  an  environmental  testing  facility  engaged 
in  providing  research  and  development  services  to  a 
wide  variety  of  clients.  Activities  included  the 
design  and  Implementation  of  cost-effective  research 
projects,  training  and  supervision  of  laboratory 
personnel,  and  upgrading  analytical  capabilities  of 
organic  analysis  division. 

1982-Date  Engineering-Science.  Manager,  Laboratory  Services. 

Responsible  for  supervising  sample  collection,  prep¬ 
aration,  preservation,  and  analysis  for  projects 
involving  municipal  and  industrial  water  auid  waste¬ 
water  treatment,  water  quality  and  soils  studies,  and 
hasardouB  waste  contamination.  Supervises  quality 
assurance  program  maintained  in  determination  of 
organic  and  inorganic  analyses.  Responsible  for  all 
special  analytical  determinations  including  gas 
chromatography  and  atomic  absorption.  Prepares 
designs  and  contract  specifications  for  waste  treat¬ 
ment  laboratories. 

Supervised  analyses  of  soil  and  groundwater  samples 
for  various  organic  and  inorganic  hazardous  constit¬ 
uents  for  a  major  semiconductor  firm  and  for  the  O.S. 
Air  Force  at  Edwards  and  McClellan  AFB's  in  Califor¬ 
nia.  Also  assisted  with  MPOES  permit  application  euid 
the  monitoring  of  pollutants  discharged  under  existing 
permits . 


1 - - -  I  - 


Biographical  Data 


[Pll  Redacted] 


PRAMK  C.  HZALY 
Groundwater  Geologist 


BdueatioD 

B.A.  in  Geography,  1974,  University  of  Denver,  Colorado 
B*S,  in  Geology,  1980,  Metropolitan  State  College,  Denver,  Col¬ 
orado 

Brofessional  Affiliations 

Association  of  Engineering  Geologists  Associate  Member) 

National  Mater  Well  Association >  Technical  Division 


Experience  Record 

1974  O.S.  Geological  Survey,  Environmental  Geology  Divi¬ 

sion,  Lakewood,  Colorado.  Geologic  Technician. 
Assisted  in  the  compilation  of  geologic  and  land  use 
maps  of  Jefferson  County,  Colorado,  and  Cape  Girar¬ 
deau,  Missouri. 


1977-1979 


1979-1980 


1980-Data 


F.  M.  Fox  &  .Associates,  Inc.,  Wheat  Bidge,  Colorado. 
Geologist.  Conducted  engineering  geology  studies, 
groundwater  investigations,  water  qxjality  monitoring, 
and  field  investigations  including  geologic  mapping, 
site  evaluations,  and  test  hols  drilling,  coring,  and 
sasipllng.  Prepared  designs  and  operation  plans  for 
sanitary  landfill  and  fly  ash  disposal  sites. 
Performed  investigation  and  prepared  de$ii  '  for 
sewage  disposal  system  along  the  Colorado  Front 
Range. 

Colorado  Geological  Survey.  Ground  Water  Investiga¬ 
tions  Section,  Denver,  Colorado.  Geologist .  Bespon- 
sibla  for  conduct  of  several  geologic  investigations 
concerning  geothermal  energy  potential  and  ground- 
water  quality  in  Colorado.  Served  as  Project  Chief 
for  statewide  groundwater  quality  mapping  project  and 
geothermal  ccomarcializatian  program. 

Engineering-Science.  Groundwater  Geologist.  Invol¬ 
ved  in  a  variety  of  hydrogeologic  studies  for  munic¬ 
ipal,  Industrial,  and  agricultural  clients.  Serves 
as  Project  Hydrologist  for  groundwater  development 
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studies  and  water  resource  and  water  rights  investi- 
gations.  Involved  in  pump  tests,  well  design  and 
inspection,  hydrologic  baseline  studies,  and  report 
preparation . 
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Biographical  Data 

T«EODOR£  H.  LDITEN 
Construction  Enginesr/Sstimator 


Education 

A. S.  in  Enginaering  Drafting,  1969,  Citrus  CosoBunity  Collage, 
Azusa,  California 

B. S.  in  Engineering  Technology,  1976,  California  State 
Polytechnic  Oni varsity,  Pomona 

Professional  Affiliations 

Bngineer-in-Training  (California  Bo.  38427) 

American  Society  of  Professional  Estimators 


Experience  Record 


1968-1972 

1972 


1973 


1973-1976 


Conrac  Corporation,  Duarte,  California.  Draftsnjm. 
Prepared  mechanical  and  electrical  drawings. 

Envirogenies  Company,  El  tvante,  California.  Design¬ 
er.  Constructed  and  tested  prototype  reverse  osmosis 
water  systems. 

Kennedy  Engineers,  Inc.,  san  Francisco,  California. 
Draftsman.  Prepared  civil,  electrical,  piping,  and 
structural  drawings  for  sewage  treaicaent  plants. 

Conrac  Corporation,  Duarte,  California.  Design 
Draftsman.  Responsible  for  design  and  layout  of 
electromechanical  devices  and  printed  wiring  boards. 


1976-1978  The  Ralph  M.  Peursons  Company,  Pasadena,  California. 

Cost  Engineer.  Responsible  for  cost  control  and  fund 
allocation  forecasting  on  a  portion  of  the  ARAMCO 
project. 


1978  P.  H,  Lttiten  fi  Associates,  Arcadia,  California.  Con¬ 

struction  Manager.  Involved  in  engineering  and  con¬ 
struction  of  light  industrial  buildings  and  similar 
structures. 


1978-Oate  Engineering-Science.  Construction  Engineer/ Estima¬ 
tor.  Responsible  for  preparation  of  construction 
cost  estimates  and  contract  administration  during 
construction  for  a  variety  of  projects  including 
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water,  wastewater,  and  industrial  waste  treatment 
plants,  sewage  collection  systems  including  inspec* 
tion  of  sewer  lines  using  air  and  water  pressure 
techniques,  auid  other  environmental  control  facili> 
ties.  Prepared  preliminary  cost  estimate  for  Sam 
I,uis  Obispo  Water  Reclamation  Plant. 

Prepaired  definitive  cost  estimate  for  small  hydro¬ 
electric  plant  in  Alas  lea.  Also  prepared  performance 
requirements  and  developed  cost  estimate  for  small 
hydroelectric  installation  at  wastewater  reclama¬ 
tion  facility  proposed  for  San  Luis  Obispo. 
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Biographical  Data 

GORDON  S.  MAGWUSON 

Civil  Enginaar 


Profaaaional  Affiliationa 

B.S«  in  Civil  Eaginaaring,  1942,  Stanford  Dnivarsity,  Palo  Alto, 
California 

M.S.  in  Civil  Englnaaring,  19S6,  Dhivarsity  of  Southam 
California,  torn  Angalas 

Profaaaional  Affiliatiooa 

Ragiatarad  Profaaaional  Enginaar  (Arizona  No.  4188  and  California 
No.  7673) 

Aaariean  Acadamy  of  Bnvironmantal  Enginaars  (Diplomata) 

tearican  Public  Vorks  Aaaociation 

Aaariean  Sociaty  of  Civil  Enginaar a  (Fallow) 

Aaariean  Watar  Wor)ca  Aaaociation 

Arizona  Natar  and  Pollution  Control  Aaaociation 

California  Watar  Pollution  Control  Aaaociation  (Praaidant,  1970) 

City  and  County  Aiginaara  Aaaociation 
Nevada  Watar  and  Pollution  Control  Aaaociation 
Structural  Enginaars  Association  of  Southam  California 
Watar  Pollution  Control  Fedaration  (Diractor,  1973'*  1976) 

Honorary  Affiliations 

Chi  gallon 

Exnarianca  Racord 

1943-1946  O.S.  Navy,  Civil  Enginaar  Corps.  U-autanant.  Sarvad 
as  rapreaantativa  of  Buraau  of  Yards  and  Doc)cs  on 
aavaral  advanca  baaa  floating  dry  doc  lea  in  South  and 
Central  Pacific.  Raspcnsibla  for  insuring  proper 
operation  and  naintenanca  of  the  vassal. 

1946-1948  Chicago  Bridge  and  Iron  Company,  Torrance,  California. 

Construction  Enginaar.  Suparviaad  erection  of  steal  - 
structures  and  welded  and  riveted  tanlcs  for  California 
raf inarias.  Rasponsibla  for  ansiiring  construction 
conformance  to  plans  and  specifications,  malcing  field 
design  ravlsions,  and  maintaining  liaison  with  cli¬ 
ents'  englnaaring  departments. 
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1948-1951 


1951-1954 


1954-1955 


1955-1967 


1967-1969 


1969-1974 


( Continued) 


1.0a  Angeles  County  Road  Department/  Bridge  Division. 
Structural  gngineering  Supervisor.  Directed  the 
activities  of  structural  engineers  group  in  the  design 
of  rigid  frame  reinforced  concrete  and  steel  bridges 
crossing  rivers  in  Los  Angeles  County.  Participated 
in  detetmining  bridge  locations  and  alignments.  Main¬ 
tained  liaison  with  flood  control  officials  and  other 
government  agencies  and  utilities  affected  by  the 
bridge  structure. 

Ralph  M.  Parsons  Company,  Los  Angeles,  California. 
Structural  engineering  Supervisor  and  Prolect  En¬ 
gineer.  Supervised  structural  engineering  design  of 
large  complex  installations  on  projects  for  the  Atomic 
Energy  Commission,  O.S.  Army,  O.S.  Navy,  and  O.S.  Air 
Force.  Served  as  Project  Engineer  for  static  test 
tower  at  Redstone  arsenal  and  atomic  energy  facilities 
at  Los  Alamos,  New  Mexico. 

Davidson  Brieh  Cos^any,  Los  Angeles,  California. 
Provided  consultation  to  architects  and  structural 
engineers  for  the  design  of  reinforced  brick  masonry 
with  particular  oaphasis  on  seismic  considerations. 
CoB^letely  revised  and  updated  a  manual  for  design  of 
reinforced  brick  masonry  structures  which  is  still 
used  as  a  basic  design  reference  by  structxural  en¬ 
gineers  in  southern  California. 

Xnterpace  Corporation,  Clay  Pipe  Division,  Los  Ange¬ 
les,  California.  Senior  Applications  and  Special 
Process  Engineer.  Provided  technical  assistance  to 
consulting  engineers  and  municipal  and  district  en¬ 
gineers  in  design  of  saniteu^  sewerage  systems.  Re¬ 
sponsible  for  selection  and  development  of  all  pipe 
products. 

National  Clay  Pipe  Institute,  Los  Angeles,  California. 
Vice  President  and  General  Manager  of  Western  Region. 
Provided  technical  advice  and  information  on  pipe 
specifications  and  assistance  to  consulting  and  munic¬ 
ipal  engineers  for  design  of  sanitary  sewerage  sys¬ 
tems.  Provided  major  input  and  editing  of  Clay  Pipe 
Engineering  Manual  used  as  a  basic  reference  in  sewer - 
design.  Participated  in  writing  ASCZ-NPCF  manual  of 
practice  for  design  of  sanitary  sewers  and  storm 
drains  and  in  developing  various  technical  publica¬ 
tions  on  sewer  design. 

Pacific  Clay  Products,  Los  Angelas,  California.  Vice 
President .  Responsible  for  technical  liaison,  en-  - 
gineering  coordination,  distribution,  and  product 
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developBent  for  all  products  manufactured  by  Pacific 
day.  Served  aa  a  Director  of  the  National  Clay  Pipe 
Znatittxte  and  represented  the  company  on  numerous 
technical  and  professional  committees. 

1974-Oata  Engineering>>Seience .  Senior  Technical  Director 

(1974).  Responsible  for  Che  development  of  project 
design  criteria,  supervision  of  projects,  and  tech¬ 
nical  monitoring  and  review.  Provided  technical 
consultation  and  coordination  for  the  design  of  sewer 
interceptors  and  outfall  lines  and  installation  of 
pipelines  requiring  special  structural  considerations. 
Also  provided  special  consultation  regarding  sulfide 
generation  in  sewer  lines  and  application  of  miti¬ 
gating  measures. 

Vice  President  emd  Regional  Manager  (1975-1980).  Re¬ 
sponsible  for  developBMnt  of  project  design  criteria, 
special  consultation,  technical  review  and  coordina¬ 
tion,  and  project  administration  and  liaison. 

Division  Vice  President  ( '(980-Oate)  .  Responsible  for 
directing  the  firm's  civil  and  environmental  engineer¬ 
ing  activities  in  the  western  O.S. 

Publications 

"Bow  to  Select  a  Consulting  Engineer  to  Perform  Sas  Control  Engi¬ 
neering  Services,"  Workbook  of  the  EPA/DOE  Intergovernmental 
Methane  Task  Force,  Denver,  Colorado,  March  1979  (Coauthor  M.  S. 
Mosanov) . 

Papers  and  Presentations 

"Sewage  Treatment  Plant  Design,”  Symposium  Panel  Moderator,  Cali¬ 
fornia  Water  Pollution  Control  Association  Annual  Conference,  1969. 

"The  Hydraulic  Properties  of  Tees  Versus  Wyes  for  Sewer  taiteral 
Connections,”  presented  at  Arizona  Water  and  Pollution  Control 
Association  Annual  Conference,  1970. 

"Site  Investigation,  Selection,  Design  and  BXR  for  an  Industrial 
Process  Residue  facility  Meeting  the  Requirements  of  a  Class  IX- 1 
Disposal  facility,"  presented  at  California  Water  Pollution  Control 
Association  Southern  Region  Industrial  Waste  Conference  Workshop, 

Vo»  Angeles,  California,  January  1980  (Coauthor  M.  S.  Mosanov). 

"Methane  from  Combined  Gas  Control  Venting  and  Recovery  SyatesM," 
presented  at  landfill  Methane  Dtilization  Symposium,  Argonne 
National  Laboratories,  Asilomar,  California,  March  1980  (Coauthor 
M.  E.  Mosanov) . 
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Biographical  Data 

JAMES  L.  MAMG 
Environinani:al  Engineer 


[Pll  Redacted] 


Education 

3.S.  in  Mechanical  Engineering,  1973,  University  of  Cincinnati,  Ohio 

M.S*  in  Environmental  Engineering,  1974,  Qhiversity  of 
Southern  California,  £os  Angeles 

Professional  Affiliations 

American  Society  of  Civil  Engineers 

Hater  Pollution  Control  Federation 

Experience  Record 

19€a-1973  The  Timken  Company,  Canton,  Ohio.  Engineer  Trainee. 

Responsibilities  included  drafting,  product  design, 
machine  and  machine  tool  design,  quality  control,  and 
time  study  at  a  roller  bearing  factory  and  a  steel 
mill.  Also  involved  in  labor  relations,  setting  labor 
rate  incentives,  and  facilities  management.  Developed 
a  matheisatical  model  for  solid  waste  collection  for 
Covington,  Kentucky,  and  served  as  project  manager  for 
the  design  and  tasting  of  a  waste  incinerator. 

1973- 1974  Otaiversity  of  Southern  California  Environmental 

Engineering  Laboratory,  Los  Angeles,  California. 
Research  Assistant.  Responsible  for  the  operation  of 
analytical  equipment  including  gas  chromatograph, 
atomic  absorption  units,  and  spectrophotometer. 
Designed  and  executed  experiments  to  assess  the 
environmental  affects  of  disposal  of  dredged  material 
in  water  and  developed  new  techniques  for  measuring 
water  quality  parameters  in  sediment. 

1974- 1977  scs  Engineers,  Long  Beach,  California.  Staff  Engineer 

(1974-1975),  Project  Engineer  (1975),  and  Project 
Manager  (1975-1977).  Responsible  for  managing  f inan- . 
cial  and  personnel  resources  for  a  wide  variety  of 
environmental  engineering  projects  including  field, 
laboratory,  and  literature  studies  concerned  with 
water  pollution  and  lemd  disposal  problems  with 
emphasis  upon  water  and  soil  chemistry.  Responsible 
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for  marketing,  proposal  preparation,  and  client 
development  and  liaison. 

Managed  several  extensive  studies  on  land  disposal  of 
dredged  material  for  the  U.S.  Army  Corps  of  Engineers 
Waterways  Experiment  Station.  Projects  included  de¬ 
velopment  and  implementation  of  a  field  monitoring  and 
sampling  program  for  the  physical  and  chemical  charac¬ 
terization  of  dredged  material  sediments  involving 
determination  of  the  quality  of  interstitial  water  and 
leachates  associated  with  active  and  inactive  disposal 
areas.  Conducted  laboratory  investigation  of  leachate 
costposition  and  anjilysis  of  treatment  techniques  for 
application  to  leachates  generated  from  disposal  of 
different  dredged  materials  to  landfills  and  other 
types  of  land  disposal  sites.  Performed  literature 
review  of  state-of-the-art  technology,  environmental 
impacts,  and  economics  associated  with  inland  disposal 
of  contaminated  dredged  material. 

Other  activities  included  groundwater  well  installa¬ 
tion  and  sampling,  design  of  landfill  gas  control 
systems,  analysis  of  surface  water  and  groundwater 
quality  data,  state-of-the-art  review  of  health 
effects  associated  with  wastewater  and  sludge  disposal 
systems,  and  assessment  of  health  effects  associated 
with  direct  reuse  of  municipal  wastewater.  Prepared  a 
study  on  the  control  of  birds  attracted  to  a  sanitary 
landfill  as  a  hazard  to  aircraft.  Participated  in  the 
development  of  several  areawide  solid  waste  management 
plana,  a  nationwide  project  on  groundwater  impacts  of 
municipal  sludge  disposal  in  landfills,  and  a  national 
study  of  leachate  from  municipal  sanitary  landfills. 

1977-1979  Calscience  Research,  Huntington  Beach,  California. 

Vice  President.  Responsible  for  federal  government 
overhead  negotiations,  contract  negotiations,  market¬ 
ing,  and  management  of  water  pollution  and  land  dis¬ 
posal  projects  including  field  and  literature  studies. 
Responsible  for  proposal  preparation  and  client  devel¬ 
opment  and  liaison.  Projects  included  studies  on  the 
enhancement  of  biological  treatment  and  sludge  diges¬ 
tion  of  municipal  wastewaters;  environmental  and  pub¬ 
lic  health  effects  of  land  disposal  of  wastes  from 
coal  utilization;  treatment  of  industrial  wastes  from 
electroplating;  leachates  from  sanitary  landfills;  and 
sanitary  landfill  disposal  of  sludges.  Also  prepared 
synthesis  of  laboratory  and  field  investigations  for 
the  O.S.  Army  Corps  of  Engineers  Waterways  Experiment 
Station  to  evaluate  potential  water  quality  impacts 
associated  with  effluents  and  leachates  generated 
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during  confined  land  disposal  in  active  and  inactive 

sites. 

1979-Oata  Engineering-Science .  Environmental  Engineer /Project 
Manager  (1979-Date).  Responsible  for  direction  of 
projects  involving  solid  eutd  hazardous  waste  manage¬ 
ment.  Supervised  hazardous  waste  cleanup  programs  at 
O.S.  Air  Force  bases  including  groundwater  monitoring, 
soil  sampling  and  analysis,  industrial  wasteline 
investigation,  and  development  of  remedial  action  auid 
environmental  restoration  plans.  Managed  soil  and 
groundwater  contamination  studies  at  two  semiconductor 
firms  in  California  involving  groundwater  monitoring 
and  soil  sampling  to  determine  the  extent  of  contam¬ 
ination,  emd  developed  ameliorative  programs  to  meet 
strict  government  agency  regulations.  Conducted 
resource  recovery/tremsfer  station  system  conceptual 
design  study  involving  site  selection  and  technical, 
environmental,  and  economic  evaluation  of  alternatives 
for  the  Fresno-Clovis  Metropolitan  Solid  Waste  Commis¬ 
sion.  Also  responsible  for  developing  preliminary 
design  of  waste- to- energy  system  for  Los  Angeles 
Dnified  School  District  including  evaluation  of  solid 
waste  collection,  transportation,  and  disposal  opera¬ 
tions,  feasibility  assessment  of  energy  and  materials 
recovery,  and  development  of  solid  waste  management 
plan. 

Developed  an  ameliorative  program  for  a  municipal 
landfill  which  was  polluting  groundwater  above  one  of 
only  five  sole  source  aquifers  in  the  United  States  as 
well  as  a  remedial  action  program  for  an  industrial 
land  disposal  site  operated  by  an  aluminum  producer 
above  another  of  the  nation’s  sole  source  aquifers. 
Devised  hazardous  waste  management  training  program 
for  aircraft  manufacturing  plemt  supervisors  and 
developed  legislative  guidelines  for  hazardous  waste 
facility  siting  for  a  major  oil  refiner.  Identified 
hazardous  wastes  generated  by  a  leading  steel-produc¬ 
ing  company.  Reviewed  design  of  hazardous  waste 
facilities  for  coal-to-ethanol-to-gasoline  plant  for 
major  chemical  company.  Performed  hazardous  waste 
Identification  and  evaluated  storage,  transfer, 
handling,  and  disposal  operations  for  an  aircraft 
manufacturing  facility.  Developed  RCRA  compliance 
monitoring  program  for  semiconductor  firm  including 
waste  analysis  plan,  facility  inspection  plan,  con¬ 
tingency  plan,  traini.ng  program,  euid  employee  testing 
manual . 
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Performed  comprehensive  technological  euid  economic 
analysis  and  evaluation  of  EPA  hazardous  waste  regula¬ 
tions  including  landfilling,  landfarming,  and  surface 
impoundments  for  the  Chemical  Manufacturers  Associa¬ 
tion.  Responsible  for  conceptual  design  of  hazardous 
and  nonhazardous  waste  disposal  facilities  for  oil 
shale  processing  for  TOSCO  including  waste  character¬ 
ization,  site  selection,  and  development  of  opera¬ 
tional  plan  for  RCRA  compliance.  Supervised  spill  and 
chemical  solvent  tank  cleanup  ineluding  soil  sampling 
and  analysis,  groundwater  monitoring,  aquifer  testing, 
emd  cleanup  and  disposal  operations  for  a  major 
sesiiconductor  firm  under  review  of  numerous  federal 
and  state  agencies.  Developed  groundwater  monitoring 
program  for  Texaco  and  conducted  ecological/wetlands 
evaluation  of  a  hazardous  waste  disposal  site  for 
Shell  Oil  Company.  Also  responsible  for  development 
of  management  plans  for  hazardous  and  nonsewerable 
liquid  wastes  generated  within  Orange  County,  Califor¬ 
nia. 

Editor  and  Lecturer  (1980 -Date).  Responsible  for 
developing  and  editing  a  reference  h^mdboolc  for 
hazardous  waste  management  for  industrial  facilities. 
Serves  as  lecturer  at  public  and  industrial  seminars 
on  hazardous  waste,  with  responsibility  for  lecturing 
on  meeting  RCRA  requirements;  design  of  hazardous 
waste  treatment,  storage,  and  disposal  facilities; 
characterization  of  waste  materials;  and  industrial 
facilities  management. 

1980-Date  California  State  Dniversity  at  Long  Beach,  California. 

Instructor  (concurrent  position).  Responsible  for 
aiding  in  development  of  hazardous  waste  occupational 
and  engineering  training  course  sponsored  by  the  O.S. 
Environmental  Protection  Agency.  Teaches  course 
segments  addressing  the  design  and  operation  of 
hazardous  waste  landfills,  land  cultivation  sites,  and 
underground  injection  facilities;  sampling,  auialysis, 
and  characterization  of  waste  material;  and  industrial 
facilities  management  under  RCRA. 


Publications 


"The  Potential  for  Adverse  Health  Effects  Associated  with  the 
Application  of  Wastewaters  and/or  Sludges  to  Agricultural  Lands," 
Land  As  A  Waste  Management  Alternative  (Ann  Arbor,  Michigan:  Ann 
Arbor  Press,  1977)  (Coauthors  0.  Weaver,  w.  GalJce,  and  6.  Love). 
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A  Study  of  Leachate  from  Dredged  Material  in  Poland  Areas  and/or  in 
Productive  Dse,  0. S.  Any  Corps  of  Engineers  Waterways  Experiment 
Station  Report  No.  2002,  February  1978  (Coauthors  J.C.S.  Lu,  R.J. 
liofy,  and  R.P.  Stearns). 

Physical  and  <'‘haracteri ration  of  Dredged  Material  Sediments 

and  Leachates  in  Confined  Land  Disposal  Areas,  O.S.  Army  Corps  of 
Engineers  ueterways  Experiment  Station  Report  No.  2005,  May  1978 
(Coauthors  R.Y.  Chen,  K.Y.  Yu,  and  R.O.  Morrison). 

Synthesis  Report-Confined  Disposal  Area  Effluent  and  Leachate 
Control,  O.S.  Army  Corps  of  Engineers,  Chief  of  Engineers  Office, 
June  1978  (Coauthors  K.Y.  Chen  and  B.A.  Sichenberger) . 

Evaluation  of  Potential  Water  Quality  Impacts  from  Coal  Ptiliration 
Solid  Waste  Disposal  under  the  National  Energy  Plan,  Energy  and 
Environmental  Systems  Division,  Argonne  National  Laboratory,  July 
1978  (Coauthors  K.Y.  Chen,  B.A.  Sichenberger,  and  J.C.S.  Lu) . 

Reference  Landboolc  for  Harardous  Waste  Management,  First  Ed. 
(Ber)celey,  California:  Engineering  and  Science  Research  Foundation, 
March  1980)  ( Editor- in-Chief  and  Coauthor). 

Reference  Handboolc  for  Hazardous  Waste  Management,  Second  Ed. 
(Ber)celey,  California:  Engineering  and  Science  Research  Foundation, 
July  1980)  (Editor-in-chief  and  Coauthor). 

"Surface  Impoundment  of  Hazardous  Wastes,"  Proceedings:  Conference 
on  Hazardous  Materials  Control  of  the  Hazardous  Materials  Control 
Institute ,  Baltimore,  Maryland,  August  1981  (Coauthors  F.R.  Bowerman 
and  O.R.  Anderson). 

Papers  and  Presentations 

"Control  of  Groundwater  Contamination  from  Sanitary  Landfills:  a 
State-of-the-Art  Review,”  presented  to  the  Eighth  Annual  National 
Groundwater  Conference,  Las  Vegas,  Nevada,  September  1976  (Coauthors 
R.P.  Steams  and  D.E.  Weaver). 

"Monitoring  of  Confined  Dredged  Material  Disposal  Sites,"  presented 
to  the  Ninth  Annual  National  Groundwater  Conference,  Boston,  Mas¬ 
sachusetts,  September  1977  (Coauthor  R.O.  Morrison). 

"Analysis  of  RCRA,  Phase  II,"  presented  at  Seminar  on  Reviewing  RCRA 
Part  A  Permits  and  Phase  II  Hazardous  Waste  Plans,  Engineering  and 
Science  Research  Foundation,  5-6  November  1980. 

"Conducting  Technical  Audits  and  Developing  Hard  Data  to  Meet  RCRA 
Regulations,”  presented  at  Seminar  on  Reviewing  RCRA  Part  A  Permits 
and  Phase  II  Hazardous  Waste  Plans,  Engineering  and  Science  Research 
Foundation,  5-6  November  1980. 
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"Plant  Management  Guidelines  Under  aCBA,"  presented  at  Western  Metal 
and  Tool  Conference,  American  Society  for  Metals/Society  of  Manufac¬ 
turing  Engineers,  tioe  Angeles,  California,  23-26  March  1981  (Co¬ 
author  w.  R.  Rirkpatricic) . 

"Meeting  Mear-term  BCRA  Regulations,"  presented  at  Western  Metal  and 
Tool  Conference  and  Exposition,  American  Society  for  Metals  Society 
of  Manufacturing  Engineers,  Los  Angeles,  California,  23-26  March 

1981. 

"HOW  to  Satisfy  RCRA's  Training  Requirements,"  presented  at  National 
Hazardous  Waste  Conference,  Engineering  and  Science  Research  Founda¬ 
tion,  Chicago,  Illinois,  7-8  April  1981;  and  at  Hazardous  Waste 
Management  Workshop  for  Saniconductor  Firms,  Semiconductor  Industry 
Association  Engineering  and  Science  Research  Foundation,  Santa 
Clara,  California,  5  June  1981. 

"Hazardous  Waste  Training  Programs,"  presented  at  National  Hazardous 
Waste  Conference,  Engineering  and  Science  Research  Foundation, 
Chicago,  Illinois,  7-3  April  1981. 

"Contingency  Plans  and  Emergency  Procedures,"  presented  at  Hazardous 
Waste  Management  Workshop  for  Semiconductor  Firms,  Semiconductor 
Industry  Association/Sngineering  and  Science  Research  Foundation, 
Santa  Clara,  California,  5  June  1981. 

"Superfund  Update  (CSRCLA  of  1980),"  presented  to  Los  Angeles 
Regional  Forum  on  Solid  Waste  Management,  Long  Beach,  Ceilifomia, 
September  1981  (Coauthor  P.  Rogers). 

"Types  of  Wastes  and  Disposal  Systems,"  presented  at  Symposium  on 
Hazardous  Waste  Management:  Protection  of  Water  Resources,  Louisiana 
State  University,  Baton  Rouge,  Louisiana,  16-18  November  1981 
(Coauthors  D.R.  Anderson  euid  F.R.  Bowerman) . 

"Spill  Response:  Who  to  Notify?"  presented  at  Industrial  Waste 
Conference,  California  water  Pollution  Control  Association,  Los 
Angelas,  California,  February  1982  (Coauthors  F.R.  Bowerman  and  L.S. 
Doane)  . 

"Cleaning  Up  Hazardous  Waste  Sites,"  presented  at  Thirteenth  Annual 
Western  Regional  Solid  Waste  Symposium,  Governmental  Refuse  Collec¬ 
tion  and  Disposal  Association,  Buena  Park,  California,  28-30  April 

1982. 
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Biographical  Data 

TOM  K.  MARTELLA 

Bydr ogeol ogist 


Education 

B.S.  in  Gaology,  1975,  Fort  Lawis  Collaga 

Oomstic  Water  Supply  Planning,  Water  Well  Technology,  Hydrogeol¬ 
ogy,  and  Pump  Service,  Installation,  and  Selection,  1976,  Fort 
lewis  College 

Professional  Affiliations 

American  Water  Resource  Association 

National  Water  Well  Association 

Experience  Record 

1973  Amoco  Minerals  Corporation,  Alaska.  Assistant  Field 
Geologist.  Supervised  geochemical  and  geophysical 
survey  data  collection  on  mineral  exploration  program 
for  molybdenum  and  copper  mine  sites. 

1974  0.S.  Forest  Service.  Geologic  Field  Technician. 
Participated  in  project  to  locate  and  evaluate  sites 
for  potential  gravel  pit  development  for  Forest 
Service  road  construction.  Performed  soil  compaction 
tests,  moisture  content  evaluations,  and  surveying 
duties . 


1975  and 
1977-1978 


1978-1980 


Rio  Blanco  Oil  Shale  Company.  Geologic  Drafter/ 
Illustrator.  Prepared  various  graphic  materials  for 
Rio  Blanco  oil  shale  project  reports  and  presenta¬ 
tions.  Prepared  site  and  process  illustrations  for 
magazines  and  brochures.  Assisted  in  cross-section 
preparation,  lithology,  and  preliminary  mine  con¬ 
struction  calculations. 

Wright  water  Engineers.  Project  Geologist  (1978- 
1 979 ) .  Responsible  for  data  analysis  and  intsrpre- 
tation,  preparation  and  review  of  reports,  and 
training  of  field  personnel  on  Rio  Blanco  oil  shale 
project. 
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Tom  K.  Martella  (Conrinued) 


Hydrogreologlat  (1979-1980).  Served  as  project  engi¬ 
neer  on  various  water  supply  projects.  Responsible 
for  well  pmp  installation  and.  selection,  drilling 
si^ervision,  controlled  well  pump  tests  to  evaluate 
aquifers,  and  evaluation  of  field  data.  Participated 
in  geophysical  investigations,  well  design,  ground- 
water  quality  and  resource  devel^ment  studies,  and 
hydrogeologic  studies.  Also  prepared  contract  docu¬ 
ments  and  well  specifications.  Major  clients  in¬ 
cluded  Cyprus  Mine  Corporation  and  Utah  International 
of  Wyoming. 

1980- 1981  Camp,  Dresser  &  McKee,  Inc.  Hydrogeologist .  Served 

as  drilling  supervisor  and  field  coordinator  for 
large  Mobil  syn fuels  project  in  Montana.  Responsible 
for  piezcmeter  installation  and  construction-,  aquifer 
testing  and  analysis,  instruction  and  supervision  of 
technical  personnel,  supervision  of  materials  acqui¬ 
sition,  and  contracting  of  third-party  services. 

1981- Oate  Engineering-Science.  Hydrogeologist .  Responsible 

for  sipervlsion  of  drilling,  well  ptmip  installation, 
and  piezometer  installation  and  construction  on  a 
number  of  hydrogeologic  and  groundwater  quality  in¬ 
vestigations  .  Projects  include  piezometer  installa¬ 
tion  and  drilling  stpervision  for  Sunadco  in  Dtah. 
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Biographical  Data 

YANE  NORDHAV 
Bydrogeologist 


Education 

B.A.  in  Political  SciencO/  1974,  University  of  Copenhagen 
B.A.  in  Geology,  1976,  University  of  California,  Berheley 
M.Sc.  candidate  in  Geology,  1983,  California  State  University, 
Hayward 

Profesaional  Affiliations 

Association  of  Engineering  Geologists 
Association  of  Environiaentsl  Professionals 
Association  of  women  Geoscientists 

Experience  Record 

1977-1980  Environmental  Impact  Planning  Corporation,  San  Fran¬ 
cisco,  California.  Geolocist/Project  Manager. 
Conducted  geologic  and  hydrologic  studies  to  evaluate 
adverse  impacts  of  residential,  commercial,  and 
industrial  developments.  Besponsible  for  evaluating 
effects  on  groundwater  quality  and  quantity  of  con¬ 
verting  750  acres  of  prime  agricultural  land  to 
residential  use  in  Fresno  County.  Developed  a  water 
balance  for  the  basin  for  existing  and  future  condi¬ 
tions  and  estimated  water  quality  impacts  of  instal¬ 
ling  septic  tanh  systems  in  areas  with  a  high  water 
table  and  well-developed  hardpan. 

Supervised  study  of  quantity  and  quality  of  available 
sand  and  gravel  resources  in  Sacramento  County, 
including  an  estimate  of  the  cost-effectiveness  of 
extraction  versus  importation.  Conducted  hydrogeo¬ 
logic  investigation  focusing  on  groundwater  occurrence 
and  movement,  fault  activity,  and  nature  of  soil 
material  to  determine  suitable  disposal  sites  for 
sludge  generated  in  the  San  Francisco  Bay  area. 

Served  as  project  manager  for  numerous  environmental 
studies  focusing  on  hazards  from  slope  instability, 
settlement,  subsidence,  erosion,  and  flooding  in 
California,  Wyoming,  and  Nevada. 
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Yane  Nordhav  (Continuad) 


1981 -Date  Bnginaarin^-Sctence.  Hydrogaologist/groject  Manager. 

Responsible  for  hydrologic  and  geologic  investigations 
supporting  hazardous  waste  investigations  and  water 
resource  development  and  groundwater  management 
programs  in  a  variety  of  geologic  and  hydrologic 
regimes.  Activities  include  development  of  drilling 
programs,  supervision  of  well  installation,  geophys¬ 
ical  logging,  and  groundwater  sampling  for  trace 
metals  and  organic  analysis.  Developed  and  supervised 
drilling  prograais  to  investigate  potential  groundwater 
contamination  at  Edwards  AFB  and  McClellan  AFB  as  part 
of  the  D.S.  Air  Force's  Installation  Restoration 
Program  -  Phase  ZX.  Directed  installation  and  sampl¬ 
ing  of  groundMter  monitoring  wells  emd  completion  of 
soil  borings  downgradient  from  suspected  contamination 
sources  to  determine  the  .extent  of  area  contasdJiation 
resulting  from  past  waste  management  practices  of 
semiconductor  firms.  Involved  in  a  study  of  past 
material  handling  practices  at  Drew  Manufacturing 
Company  to  determine  siorface  and  subsurface  distribu¬ 
tion  of  trace  metals  and  the  extent  of  soil  contamina¬ 
tion. 

Served  as  project  manager  on  field  investigations  and 
preparation  of  environmental  impact  reports  concerning 
increased  discharge  of  wastewater  treatment  plant 
effluent  to  the  Santa  Ynez  River  in  Santa  Beurbara 
County,  development  of  an  area  subject  to  severe 
flooding  in  Richmond,  California,  and  proposed  gold 
mining  operations  in  Mapa  County.  Also  involved  in 
major  research  and  field  demonstration  project  inves¬ 
tigating  the  feasibility  of  irrigating  food  crops  with 
treated  wastewater.  Duties  include  preparing  reports 
on  studies  of  aerosol  generation  and  pathogen  disper¬ 
sion  as  well  as  interpreting  water  quality  and  phys¬ 
ical/chemical  soils  data. 
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Biographical  Data 

JEFTSZY  L.  ROBIN 

Soil  Chaaiat 


Education 

B.S.  in  Soil  and  Water  Science  (honors),  1974,  University  of 
California,  Davis 

M.S.  in  Soil  Science,  1980,  University  of  California,  Davis 
Professional  Affiliations 

Certified  Professional  Soil  Specialist,  American  Registry  of 
Certified  Professionals  in  Agronomy,  Crops,  and  Soils  (ASCPACS) 
American  Society  of  Agronomy 

Council  for  Agricultural  Science  and  Technology 
Professional  Soil  Scientists  Association  of  California 
Soil  Conservation  Society  of  Aiserica 
Soil  Science  Society  of  America 


Experience  Record 

1972-1979 


University  of  California,  Davis,  California.  Depart¬ 
ment  of  Soils  and  Plant  Nutrition.  Laboratory  Helper 
(1972-1973)  and  Laboratory  Assistant  I  (1973-1974). 
Assisted  in  research  projects  involving  soils  and 
plant  nutrition.  Determined  the  physical  properties 
of  farm  animal  manures  using  traditional  soil  testing 
techniques. 

Department  of  Soils  and  Plant  Nutrition.  Laboratory 
Assistant  II  (1974-1975).  Investigated  the  utiliza¬ 
tion  of  nitrogenous  organic  residues  from  agricul¬ 
tural  wastes  for  energy  and  use  of  the  remaining  ash 
for  crop  fertilizer.  Conducted  closed  system  field 
study  on  the  fate  of  applied  fertilizer  nitrogen. 
Research  also  included  manure  decomposition  rate 
studies,  effects  of  animal  manure  on  soil  crusting, 
greenhouse  studies  demonstrating  plant  response  to 
manure  ashes,  and  studies  to  determine  plant-avail¬ 
able  phosphorus  in  ashed  crop  residue. 

Academic  Advising  and  Counseling.  Resource  Science 
Advisor  (1973-1974).  Advised  students  on  academic 
program  alternatives  and  future  employment  prospects. 
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Jeffrey  L.  Rubin  (Continued) 


Agronomy  and  Range  Science  Department.  Soli  Hel¬ 
en  tlat/Intem  (1975).  Surveyed  and  mapped  the  soils 
within  the  Irrigated  pasture  fields  of  the  University 
of  California  Sierra  Foothill  Range  Field  Station. 

The  survey  was  used  to  prepare  a  comprehensive  plan 
for  the  development,  oumagement,  and  experimental  use 
of  Irrigated  fields. 

DeparOaent  of  I^nd,  Air,  and  Hater  Resources:  Soils 
Division.  Graduate  Research  Assistant  (1975-1979). 
Conducted  research  on  the  transfer  of  trace  metals  In 
the  food  chain  and  their  potential  hazeurd  to  the 
public. 

Department  of  Engineering.  L^lboratory  Consultant 
(1978)^  Responsible  for  performing  chemical  analyses 
on  soil  teat  samples  to  determine  sulfate- sulfur 
content . 

Deparbaent  of  Land,  Air,  and  Hater  Resources:  Soils 
Division.  Staff  Research  Associate  (1979).  Served 
as  project  manager  for  salinity  study  of  the  San 
Joaquin  Delta.  Responsible  for  laboratory  aneU.ysas 
of  organic  soils  as  well  as  data  management. 

1974-1975  Department  of  the  Interior,  Bureau  of  Reclaiaatlon, 

Division  of  Hater  and  Land  Operations  (Recreation  and 
Wildlife  Resources  Branch),  Sacramento,  California. 
Resource  Speciallst/Intem.  Compiled  environmental 
data  on  outdoor  recreation  areas  In  California  for  a 
total  management  study  of  the  Central  Valley. 

1978  Sacramento  Area  Consultants,  Sacramento,  California. 
Field  Consultant.  Responsible  for  conducting  a  soil 
survey  emphasizing  soil  susceptibility  to  permeabil¬ 
ity.  Performed  site  evaluations  for  the  Sacramento 
Regional  County  Sanitation  District’s  proposed  sludge 
application  and  management  plan. 

1979  California  State  Department  of  Conservation,  Sac¬ 
ramento,  California.  Graduate  Student  Assistant. 
Responsible  for  coordination  and  reproduction  of  base 
maps,  analysis  of  survey  questionnaires,  soil  problem 
studies,  and  preparation  of  a  report  assessing 
statewide  soil  probleu. 

1979-Date  Engineering-Science.  Soil  Chemist.  Responsible  for 
managing  laboratory  personnel,  coordinating  field 
sampling  and  laboratory  analyses,  and  performing  soil 
and  tissue  tests  on  projects  utilizing  wastewater  for 
Irrigation  of  agricultural  land.  Developed  entire 
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J«ffr«y  L.  Rubin  (Continued) 


field  sampling  programs  for  water  and  soils  which 
included  arranging  for  drilling  subcontractors, 
establishing  technical  procedures,  developing  pre¬ 
cautionary  measures  for  sampling  such  as  prevention 
of  sample  cross-contamination,  and  developing  cri¬ 
teria  for  the  well  drilling  wd  sampling  activities. 
Project  manager  for  all  laboratory  work  for  the 
Honterey  Wasterater  Reclamation  Study  for  Agricul¬ 
ture,  with  responsibility  for  data  management, 
statistical  evaluation,  and  quality  assurance  for 
laboratory  analyses  performed  by  involved  personnel. 

Coordinated  the  development  and  performuce  of 
laboratory  and  field  sampling  procedures  for  soil  and 
water  assessments  of  hazardous  wastes  and  conducted 
extraction  tests  utilizing  SPA  and  California  Depart¬ 
ment  of  Health  Services  methods  of  extraction  and 
analysis.  Directed  laboratory  studies  examining  the 
mobility  of  trace  metals  under  various  environmental 
conditions  as  part  of  a  soil  contamination  investiga¬ 
tion  performed  for  a  precious  metals  stripping 
facility.  Developed  an  innovative  soil  sampling 
device  to  allow  undisturbed  extraction  of  potentially 
hazardous  materials,  particularly  volatile  hydro¬ 
carbons.  Supervised  field  studies  and  laboratory 
analyses  of  contaminated  soils  and  groundwater  for 
semicondtictor  firms.  Other  major  projects  involved 
groundwater  monitoring  and  analysis  for  priority 
pollutants;  sampling  and  analysis  for  metals,  PCBs, 
TCE,  fluoride,  and  organic  solvents,  consisting  of 
phenol,  sulfonic  acid,  aromatic  solvents,  and  chlor¬ 
inated  benzene;  and  field  monitoring  and  analysis  for 
dye  tracing  studies  which  simulate  point  source 
pollutant  discharge.  Served  as  liaison  between 
clients  and  the  California  Department  of  Health 
Services  in  dealing  with  possible  priority  pollutants 
by  coordinating  field  sampling  programs  and  require¬ 
ments  with  the  state  and  participating  in  mutual 
on-site  sampling  efforts  and  splitting  of  samples. 
Promoted  the  firm’ s  involvement  with  the  hydrological 
aspects,  sampling,  auid  analysis  of  hazardous  wastes 
for  those  projects  requiring  recommendations- for 
further  sampling  and  for  groundwater  monitoring. 


Publications 


"Physical  Properties  of  Farm  Animal  Manures,"  California  Agricul¬ 
tural  Experiment  Station  Bulletin,  No.  867,  University  of  Califor¬ 
nia  -  Division  of  Agricultural  Sciences,  November  1974  (Coauthors 
A.A.R.  Hafez,  J.  Azevedo,  and  P.  R.  Stout). 
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Jeffrey  L.  Rubin  (Continued) 


An  Interpretive  Survey  of  Some  Irrigated  Pasture  Soils  of  the  Lover 
Foothills  of  the  Sierra  Nevada  Mountains  of  Northern  California 
(University  of  Calif omis,  Davis:  Departstent  of  Agronomy  and  Range 
Science,  Water  Resources  Center,  197S)  (Coauthor  C.  A.  Raguse) . 

"Phosphorus  Fertilizer  as  a  By-Product  of  Energy  Production  from 
Agricultured.  wastes,"  Journal  of  Environiaental  Quality,  1977 
(Coauthors  R.  Siegel,  A.  Bafez,  and  P.R.  Stout). 

California  Soils:  An  Assessment  (State  of  California:  Department 
of  Conservation,  Soil  Resources  Protection  Unit  -  Resources  Agency, 
1979)  (Coauthors  B.  Bro«m,  E.  Craddoc)c,  B.  T.  Beutenmuller,  T. 
Irving,  S.  Anderson,  D.  Stanley,  and  P.  7onich) . 

Papers  and  Presentations 

"Comparative  Chemical  Effects  of  Organic  Versus  Inorganic  Metal 
Salts  Incorporated  into  Soil,"  M.S.  Thesis,  University  of  Cali¬ 
fornia,  Davis,  California,  1980. 
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APPENDIX  C 

WELL  DESIGNS  AND  WELL  LOGS 
BASE  PRODUCTION  WELLS 


1 


1 


WELL  CHARACTERISTICS  FOR  BASE  PRODUCTION  WELLS 
McClellan  AFB,  California 


Cuing  Perforation  Depth  of  Casing 

Depth  Locations  Gravel  Pach  Grout  Seal  Diameter 

Base  well  (feet)  (feet)  (feet)  (feet)  (inches) 


1 

400 

162  -  174 

232  -  252 

247  -  252 

266  -  268 

274  -  292 

340  -  354 

376  -  396 

0  - 

400 

0-36 

12 

2 

298 

100  -  112 

141  -  158 

180  -  197 

282  -  296 

0  - 

298 

0-40 

12 

7 

398 

170  -  398 

0  - 

398 

0-50 

12 

8 

625 

None 

0  - 

625 

0-50 

12 

10 

400 

170  -  392 

0  - 

400 

0-50 

14/10 

1 1 

400 

154  -  346 

0  - 

400 

0-50 

14/10 

12 

390 

164  -  390 

0  - 

390 

0-50 

14 

13 

391 

178  -  300 

0  - 

391 

0-50 

14/12 

17 

353 

216  -  224 

286  -  294 

302  -  312 

0  - 

353 

0-50 

14 

18 

400 

169  -  185 

210  -  260 

304  -  349 

378  -  387 

0  - 

400 

0-50 

14 

20 

600 

178  -  190 

234  -  274 

338  -  374 

494  -  506 

564  -  598 

0  - 

600 

0-50 

14 

28  247  None 


8 


29 


604 


0  -  604 


0-50 


B/isr  rRomcTiok)  ll  b  w  \ 


Depth 
in  Ptet 
On 


Sealing  Qay 


Neat  Cement 


Exittinq  Ground  Elevation  76.2 


ned  Sandy  Qay 
and  Hardoan 


Water  Sand 


Hardpan,  Some  Sandatone 


Water  Sand 


Gray  Qay 


Gray  Pack  Sand 


Hardpan  and  Sandstone 


Perforattd  Casing  > 


Water  Sand 


Hardpan 


Water  Sand 


Sand  and  Gravel 


Sand  and  Gravel 


Hardoan 


Hardoan  Srokan  by 
Sand  and  Gravel 


Sand  and  Gravel 


12"  Casing  let  to  400' 


Hardoan 


(After  Air  Sereel 


PRomCTioki  \^£LL  8 


Ototh 
in  Fwt 

Ot— 


h'’"rl 


Saaling  Qay 


Naat  Camant 


1  SO  -I  F«rf  oratad  Casing  ■ 


Existing  Ground  Elevation  75.7* 


Rad  Sandy  Clay 
and  Hardpan 


Hardpan 


Brokan  Hardpan 


Hardpan 


Hardpan 


Hardpan 


Hardpan 


Hardpan 


Qay  and  Hardpan 


Hardpan 


Hardpan 


Hardpan 


f2"  Casing  sat  to  40S‘ 


I  Afttr  Air  SorctI 


BASE  PftoOttCT/O/J  KjjBLL  is 


WEU.  DESIGNS 
BASE  MONITORING  WELLS 


/-AX7 


754 


rSF  MOW  I  Tor  1 10  6  \iiBlL  MIA/  I 


MOW  tToftiiOC?  \mSLL  MVi 


Wei 1  Head 
Per  Contract  Spec 


Concrete  Collar 


jround  level 


II;; 


IT  Casing 


Grout 


6"  PVC  schedule  40  casing 


9"  boring 


HJ 


Gravel  pack  75'-250' 

(at  least  SOii  opening 
and  1/2-) 


PuBB  depth  235' 


Perforations  every  2' 
TTTggered  (slots)  three 
6"  vertical  cuts  -  120* 
apart;  2'  staggering 


Concrete  Plug^- 
Backfill  Hole 


BASE  MOH»TOfllW&  WELL  MW3 


j-goM.OO  r)C  U)£LL  ffeigPoiLATlQKAC 

il^KrnAcr  Mo.f^cM^9^-»e>-coZc s 


UfSLL 

PAtt  :  fa 

aJo  Scals 


00  UC 


4c 


—  f  "m/aJ  3Mt<40<8> 

&<I«jy -j;' 5T^4«JE.ft^ 
^*4tf^)(^vtfcnc.»c  CUT  rwcf,; 
9tvm  tier A^T{ts-z>ic’j 

- - i£tl£lL.fACK  , 

r«*»i  »^'+B  2fle>' 

u'A^r  fip>; 


•pnd/n  ^57^0 


C^NePsrs 

MAeP^ttL^B  UsLt 


WELL  LOGS 

BASE  MONITORING  WELLS 


BASE  M5N1T0RINC  WELL  MWl 


•  ••  .  .  ’  ■  .-1.  -  -A  '  ••  •  *  *1:1  ^ 

'Ucfillng.  log  >or  borsiag^l  Con-tewt-:^4;69S- 80  CC205'  .’rJ/i:^'  '-'-  -y'  »: 


■••^'29.  1S80  ccro57^  w-60i 

•.  .  '■  ■  *-  f-s --■  ■'■  "■  ’*■,'’^•'-^««r^  ■^.'•.■~;r'.'-.-.' ' 

Cn  Ifonday  April  21,.  liarlad  approxl. 5000  gallons  water  ard. aired  12  .■'  ’^, 

=ud  ^  get.  a  seal  oa  mud  pit.  ^Hl3CB<r'.ardd  <6  sac2sj' started. drilling  aion-S' 

27a.  (steel,  'holders  plastic,  switches)  sa  •changed  to  solid- anrers  and.  at 


li'"  sacks  siLd. 
?c  stage  .., 

J  to  52  ■  .- 

52  to-  AC 
1C  to  -45 
1;  to  SO 
5C  to  70 
7:  to  80 
SC -to  90 

rC  to  100 
:C3  to  108  , 

:r"  to  116-  %■>• 
1  to  130  .- 
lj.*to  163 
168’ tc  173 
l-f  to  200 
iCo  to  20? 

i:?  to  212 
Hi  to  220 

26  5,  to  270 


Slppe,  oi.  soil 


^ '  Sanples  tajc«_  ;at  ^interTals" 


deuce  silt' partly  cerotadilji-^I^pttrs 
Deuce  silt  partlp-  eeaaated  in.  layers 

.Clay  ;  .,• .  'v*  -.  ;  ,  :.■;  .:•  ’.  r-'T 


;awsd.'-^ 

'day 

sand"^ 

silt 

day  silt.^ 
■Mrd'^ 
silty  clay 
deuce. 


-i 


^  j'*  •  r  m  ■  .«•  •  *  •  .'.,•  *  * 


.”-^v7  o_?.7 

silty  sand 
silty  clay 


273  to  2S1  silty  clay 

iSl  to  237  silty  sand  '  ..r-:-.--^ 

3£~  to  2?2  *  sand  , 

29  2  to  298  clay  sand  '■  ■> 

2?-1  to  320  silty  clay-;  ;- 

:2'  to  3--3  ■  silty  sand' 
to  39a  clay  sane  . 

to  370  clay.  -■  - 

r7ri-to-3a9  -sandy  silt 

33''^  to-  400 


w'Vft.'v.t". 


.  »•  'J^VV>r-’  ’  ,!  .rr  ’*  fc  ■'  J  *••  ^  ■’ .  '4.. 

-  -•-■  ■'- ><3::.  .-■'.  .  >  ■  .  •  -  •"  -,'.  •  ■  -..V  .  -;-■•  .-'V 


l-si»4 


BASE  MONITORING  WELL  mi 


ALL  TERRAIN  Exploration  Hrilfing 

2789  LiBerh/  Lene 

Roseville,  California  95678 


Drilling  log  £or  borcin^- 

Ipril^lS,  1930 

rootage  tT?e 

C  to  10 
10  to  20 > 

20  to  4.0' 

-0  to  60'- 
1 

5-,  rff  » 

C5-  -.0  15.7» 

117  to  125 


2  Contract  :/I04'S99  80  CC2C5 


'C  to-  75' 


.c*  Ivl 
l.'l  to  U9 
US  to  150 
150  to  175 
175  to  134 
1S4  to  198 
198  to  200 
200  to  223 
5  to 
'■  0  to 

260  to 
270  to 
3CC  to 
^o 


250 

260 

270 

30C 

510 


to  329 


;:s 

347 

761 


to 

to 

to 


547 

3cl 

40C 


iill*  • 

garbage  ^ 

silt;*  sar-d  vltli  cla7 
silty  sand  wi2E -trace  of  grarrel 
sand  with  trace  of  gravel 
dense  silty  sar.''. 
clay 
'lencs  clay 
denes  clcy 

olecn  stmd—lost  appron.  lOCC  gal?.ons  saad 
clay  sand  ■ 


Sarnies  taicen  as  Inte 


in  fc: 


11  incli 


clean  silty  sand 
Silty  clay. 

dence  clay  '  -  ■  •  ■ 

sand  ■ 

clay  silt 
clay  eilt 
sandy  silt 
clay  sand 
clay  sand 
silty  sand 

ceaented  sand  with  layers  of  cenented  . 
clay  silt.  •  -  ' 

clay 

silV  sand  '  • 

silty  sand  with  soae  ceaeation 
steel  caseiag  set  to  30’.  .  . 


.-40!' 

50.’ 

75^ 


-100'. 

‘tic:’  ~ 
150- 
175’ 


200' 

250’ 

300' 


400' 


■?o 


BASE  N\OMITORIM&  WELL  MW3 


’•jr'l  1-! ,  ^ 

.  Of  -  ■"'  j# 

0  to  4' 

4  to-  20  ‘ 

20  to  40* 

40  to  50' 

50  to  90' 
^  to  105’ 
105  to  145' 
L1A5  to  160 
.160  to  190 
190  to  196* 
-^196  to  204* 
204  to  208' 
208  to  235’ 
235  to  251' 
251  to  254’ 
254  to  261’ 
261  to  300' 
'•00  to  304’ 
1  v04  to  320' 

'  320  to  330’ 
330  to  573' 

Tr3  to  400' 


-1/  f\Q  iV  i'Sj 

‘•Si 


■I  •  "ijs.  IfS  tryi. 

nil  '•‘'j 

ceta«r.t  in  uand 

tllty  1th  layers  of  eeconted 

silt  and  cl?y 

Silty  :iand  with  altexaatlas  Itysrs 
of  c^oeated  sHt  aad  clay 
silty  send 
clay  send 
sand 

silt  « 

sand 


sand  Qost  fflud-no  return  7 
silt 

sae](^  mud ) 

175' 

£:ray  sand 
clay  silt 

sand  with  ecoented  layers 
eetaented  silty  el^ 

200' 

sand  with  eeoented  layers 
denee  silty  clay 

250' 

desee  silty  clay 
sandy  clay 
silty  clay 
deace  send 

300' 

denec  silty  elr.y  with  sone 
sand  cenented 

leyere  ai 

resented  silty  clay  with  sose  sand 

400* 

?0» 


50' 

75' 

100' 

125' 

150' 


BASE  MONITOBIUe  WEIL  fSWA 


ALL  TEUPJJtl  [  Driilin: 

2789  L.lfcrty  Lif.j 

Rosoville,  Cdlifornii  95678 

9 

jSitILLISG  LOG 

TOR  BOaZIBG  #4  C01T211CT  ./?04&99  80  0020= 

Anril  3,  1980 

?oot*iflre 

Troe  of  soil  Saarjlas 

takes  at 

0  to  45’ 

saad 

20* 

45  to  55' 

elosa  saad 

50' 

55  to  60’ 

trace  of  light  gravel 

60  to  95’ 

donso  elsy  sand 

75' 

95  to  120! 

elay. allt 

100' 

120  to  U2' 

silty  elay  with  trace  of  gravel 

125' 

142'  to  146’ 

saad 

148  to  151’ 

silty  elay 

150' 

151  to  168’ 

silty  saad 

168  to  178’ 

saady  silt 

175' 

*.78  to  ISO’  lightly  eoicstod 

80  to  201  ’ 

saad 

200' 

201  to  209* 

elay  allt  vith  traee  of  grarel 

209  to  220’ 

saad 

220  to  225' 

daaaa  aaady  allt 

225  to  230* 

silty  saad 

230  to  248’ 

saad 

248  to  282* 

allt 

250' 

282  to  288' 

silty  elay 

288  to  293’ 

daaso  hard  elay  almost  roek 

293  to  360' 

daaso  silty  elay 

300' 

360  to  400’ 

daaso  silty  saad  with  trace  of  elay 

400’ 

hottoa  of  horeiag 

400' 

/-a&7 


BAS6"  MOhJtTof^lhiG  WBLL  M\jJ  T 


Ictui  tnliiM 


MMi  clM  e»  gnin.  alicr.  garcigilr  ea«a«cgg« 

_  lg4*C  ktwa.  Wn 


•  1^X20" 


(HI)  allc:  MKlallr  ewgacM.  Itf*c*kn7,  narg 


(im  gaaH:  (laa  ffala.  aUey.  gray,  aaaaa 

_  „  atlC!  iiay.  Saga 

(I&)  aUg:  <laa  gnu  aaaay.  gny 

(Ml)  aUg:  aaaaataa.  gray  vten  aaaa  (taa  klaca  avacaa 
(IB)  aaag:  fiaa  n  aaataa  graia.  tram 


(tM  aaaat  (laa  ta  aaaiiaa  giala.  ailgy.  gray  g  anwa 


(M)  atlt:  (taa  graia  aaaay.  eaawigaa. 
agfrXigr  (IB)  aaag!  (taa  ca  aaaiaa  gtaia,  kmn 


(JU)  aaaa:  (taa  ca  aaati*  graia,  cracc  aUt.  kr 


graaaa  wry  aUcy 


(SB)  raaai  (laa  ca  aaatia  grata,  claaa.  krwa 


73rr*« 


(HU  alici  (laa  graia  aaaay,  eaaaacaa.  kara.  gray 


(IH)  aaaa:  (laa  ca  «aii«  grata,  alley,  kara.  gray,  kr 


WMBtX*^  kara  gnlUag 


«8»Tla 


(M)  ailc:  garually  caaencaa.  kara.  caa  atca  niac  aerraaa 


liailBtXM 


ifWBfXa 


(MJ  aUc:  eUyay.  craaa  (laa  gtaia 
kara.  caa 


graaaa  :aaa  glayay 


partially  ,.»» ac-i 


tofyit  TtfatMCM  ««  1*0* 
CiwMMCtr  wif «*wr—  ac  *1* 

,it«r ^ I  < It* • 


1^01^  (aJCLL  mvj  6 


[AJeLL  MWT 


•••ia  ifliliac 


IfTEil 


to« 


Tost*?- 


JO- 


jommIm 


40“ 


4«»«XM 


•®  MM^Sl 


TO- 


te- 


oo- 


io«»'TXt» 


!•“ 


l«0  '■  -. 


(K)  M«4S  f; 

l««T  ttnaiu 


M  mtivm 
■MiM  4MM 


ci«r. 


(IC)  alit:  cU7«7.  tnca  «f  flaa  gru«4 
WtCA  fMC*«C«MU,  lUM 


MM,  <W<Mwn 


(SM)  mM:  flM  (•  mMm  ivftia.  lUey.  my^caa  «ica  iiack 
4  fMC  tmaka,  mtlm 


1*M  aUt 

(ML)  ailt:  MfT  flM  tnua  mbct*  rM  >wm  wioi  4U«a 
atiMka,  MM 

(O)  «Urt  ality,  mmmUt  r—m.  tr«T-»rM,  Mr« 
(M.)  aUt:  6Ur«7*  aiiac,  vMMrtiM.  MM  ^ 

(SH)  aaMs  flM  M  iMiia  iraia,  tUrr.  ua,  mbm 

(&>  clays  ailCT*  aaaa  Claa  traia  aaM  IcaMC,  gray*  MM 


(SM>  tmtt  Claa  |M4a.  mm  aUcy  aak  cUy,  hcaMsi.  warjr 


(O)  clay:  fUEy.  cmc  Claa  gMia  mm  laaaaa  1/4**  tMak, 
ua^  MM 


lartag  ucaiaaiaa  aa  UI.S' 
Cfiiaiaaatar  MtaiMcaraa  cc 
M  eaviag  aaca*. 

MC  ytaa  taacaUaa. 


M14iig0 


8/4Sr  IToRiSi^  \aJ9LL  M\AJS 


anUiAg  M«u  o«t«Mv  !•  ifto 


7*  CM*r*c« 


(SMnXTj^ 


C&)  IXiftt  CiMfWft  ptfttAi  e— gr«T*«M* 


SOMMX^ 


a&)  SUx:  tmm  elxy.  fanixl  ea 
wit*  nut  uLwratlM. 


*clM.  trar-*r 


48MP3I  71 


(ML)  lUii  a«T«y>  •uc  u  u  MTcuxir  csmcm 
llMaw  Ul*  If  it«r.  gtiy-if.  iwM 


^  R' 

TIP 

»tl  !  2 

•  I 

1  K 


TSUPsXlC 


trUllac  ilfftft«lt  b«i«f  SS* 


(Nil)  sue:  9mm  tum  ir»U  saai.  tUfiiUT  «Um> 
zmmtm*  grtyet—a*  daM 


cat)  Saai:  ftM  t«  irua.  aUe.  <ata 

my  >iaw,  varr  tfaaaa 


(91)  Saaai  flaa  graia.  mwr  leUy.  Hava,  vary  <M8a 


4  S 

i  M 

Sit  i  > 

J  > 

•i.  *  ' 

*1*  •  c 

ili^i 


(X/K.)  UlwtMtUt  Urwn  •(  knww  !1m  frata  •* 
•Ut  aa*  lUcT  (f  (raia  laM,  ten  <aa 


ie«i»«r  r* 


izomHZ  ' 


Oft)  luc)  aar*r>  (f  mta 


tanat  caiataaiM  at  Ul  (aat 
Craifta*  aaiawaiaf  at  IM  f  c 
«arsa«  inlliat  aaantiaaa 
Sa  cawtat  aataa 
4"  rwc  ?f  taacallaa 


SrUtUt  «a*aa  Otfaf  1.  IIW 


B/)sr  t^oiOirol^ifJ6  UJELL 


arllUM  katM  Onakat 


t.  IMS 

•liMZn 


SOUPtX^ 

4amnx^ 

4aun^m 

»omp9*^  1 

•V  ! 

1 

— 

•viUiai  aaaaa  Oacaaar  10.  IM0 


(M)  iaaki  *aiT  (laa  grata.  rUtTi  kfmB  aaa  gtay. 


Vay.  kara 


(IK)  mtt  tattaUy 


OO  tuts  tna  tlay,  gaittaUy  HBaataa.  gray  alct 
nat  aaiaiatlaa.  kata 


(HU  itlti  taaa  aJay.  taaa  vary  Claa  grata  taaa. 

part  I, illy 


(M)  taaas  fary  tlaa  ffata.  lUcy. 


CIO  lUt:  eri 


(9)  laaai  riaa  grata,  ilaaa.  ffay,  aary 


(•HK)  gaatt  rtaa  la  taatta  grata,  vary  tUty, 
gam  ally  aaaaataa.  gray  ktai».  ki 


(MU  tuti  ctayay,  aaaa  flat  (a  laana  grata  taaa. 


lanag  wtataataa  at  UO  taaa 
eraMMMtar  laaaiaiiarat  at  n  (aat 
aartag  arUttag 

Caalag  aaaaa  la  aaaay  aatattal  kalaa  UO  (aaa 
a*  MK  gaga  laarallaa 


/'*73- 


20  *«3  T  M 


30  MFS  I  33/6" 


CML)  S2LT:  PUi«  gr«ia  •ao4yi  can.  vary  stiff 


(SM)  SAND:  Plaa  to  mmdim  grain,  silty*  soaa  clay, 
brawn,  daasa 

(ML>  SILT:  Sana  flna  sand,  saaa  clay,  waakly  csaantad. 

^^l^SAMDt  Tina  ca  aaditsi  grain,  silty,  sona  clay, 
brawn,  dansa 


40  »*  I  32/6“ 

50  I  54 


(ML)  SILT:  Pina  grain  sandy,  sana  clay,  waakly 
saaaotsd,  tan.  hard 


(SM)  SAND:  Pina  grain,  silty,  gray,  danaa 


60  »$  X  so/*” 


Off.)  sn.7:  rta,  tram  Mady,  eUyayt  .ray.  hard 


70  »S  I  31/6" 


(SP-'SH)  SAND:  Pina  grain,  saaa  slit,  gray,  vary  danaa 


%%  i| 


30  MPS  I  40/6** 


I  ^ 
oio  s  ^ 
»j2  I  <• 
(5|«  2  > 

^  L_  1  V? 


"1^  j  > 

r  S 


90  MM  I  40/6" 


100  MM  I  30/6" 


(ML)  SILT:  Vary  elayay,  waakly  canantad,  tan,  hard 


CCL)  CLAY:  Vary  silty,  waakly  eanantad,  gray,  hard 


0»*»«Sty 

90  faat 
33  faat 
3 
6 


Berlnf  catBlnacad  ac  103' ,  7-27-81. 

SraaadMcar  turially  aaeeiaacarad  at  80'  durla.  drtlllat 
7-27-81.  Crniaidaatar  aaaaurad  at  78'  aa  7-28-81. 

107  faat  af  4"  Sehadula  40  .at  .tM  iaatallad  oa  7-28-81. 

Meta:  Ttw  atratlflcacloe  Uaaa  raeraaaat  cha  t..raata*ta 
beuadary  batwaae  aoll  cy^a  aad  cba  craaaltloa 
aay  ba  iradaal. 


107  faat 
103  faat 


ON  i93rOII4  I  1861  A|ni -iiVO  JDI  A|  omiHO 


BASC*  H0MIT0A/M6  WE^LL  MW  II 


107  t—t 
US  (Mt 


BASF  MotJtrofitN6  u/eu  MW  iz 


:o  MJS  j,  ro 


30  !»S  I  02 


40  MfS  j.  33 


50  !ffS  I  45 


W  KFS  I  30/5“ 


20  WS  I  30/3" 


90  W*  I  79 


90  WS  X  30/*" 


100  W*  X 


Hi  Ofr 


25  OOOIAT 

§  OOOlAl 

000 ia; 


OMOtltT 


(nl)  StLt:  Soaa  fla«  grain  sand,  can*  vary  aciff 


(ML)  STLT:  Sandy,  elayay,  rad*brown 


(ML)  StLt:  So«a  fina  gcaiLa  aand,  waakly  caaantad. 
gray*  hard 


f^fL)  SILT:  Fina  grain  sandy,  clayav,  gray,  hard 


(SU)  SAND:  Fiaa  eo  aadlia  grata*  raiatlvaly  elaao, 

gray,  danaa 


(ML)  SILT:  Sosa  fiaa  grain  sand*  vaakly  ciMnead* 
gray*  hard 


(ML)  SILl!  Clayay*  gray,  :hard 


(ML)  SILT:  Soaa  clay,  tract  flnt  sand,  tan  and  ruat 
cpieraciott,  hard 


(SM)  SAMD:  Tina  grain,  illcy,  gray,  vary  ianaa 


(CL)  CLAT:  Siley,  aoaa  flat  grain  aand,  gray,  hard 


lorlag  camtaatad  at  109' . 

Sreuadaacar  Laieially  aneowicarad  at  97'  during  drilling 
7-a2.91. 

107  faat  of  4"  Schaduia  40  yac  ylya  Uaeallad  on  7-23-91 


Hata:  tMa  ttTatifieatloa  Ilaaa  rayraaane  cha  aayroataata 
baundary  bacwaaa  toil  eypaa  and  tha  traaaitlen 

aay  ba  gradual. 


Bfkse  MOMlTOftlA/^  \jeLL  M\AJ  13 


10  MM  I  7» 


(SM)  SAM):  Fine  grain,  tlXey,  gray  uni  brown, 

Mdlis  dansa 


20  MM  X  50/3“ 


(ML)  SILT:  Canancad,  gray,  hard 


30  MPS  X  50/4“ 


(ML)  SILT:  Sana  flna  grain  tand,  gray,  hard 


40  MfS  X  NC 


30  MM  X  30/3" 


»0  MM  I  30/«" 


70  MPS  I  74 


(SM)  SAMO:  flM  (rain,  alley,  brew 


(SH-ML)  Alcnacln,  layar*  at  alley  tinm  frala  aanda 
and  waakly  eaMnead  elayay  allc 


(ML)  StlT;  SoM  clay,  aeaa  (tna  ,rala  aand.  btoMn.  )isrd 


(ML)  SILT:  Saaa  clay.  ,ray,  hard 


M  MM  X  55/*" 


(ML)  SILT:  Flna  grain  aandy,  toma  clay,  gray 


90  MPS  I  7» 


(SP-ML)  Aleamaelng  layara  of  (Ina  grain  aand  and 
alle 


0(L)  SILT:  Flna  grain  aandy,  brown 


100  MM  X  /0/4" 


(ML)  SILT;  Serna  clay,  caawnrad,  brown,  hard 
I  (CL)  CLAT:  Silty,  aoaa  (Ina  grain  aand,  brown,  hard 


Ita>  MiaaMr 


OwettT 

SO  (aac 
33  faat 


larlB,  eacBlaatad  at  103',  7-lS-<l 

Crowdnaear  Initially  aneouacarad  at  70'  during  drilling 
7-L3-(l.  Oronadancar  aaaaurad  at  7g'  3“  ona  hour  afear 
eooalatlon  of  drilling. 

107  (aat  at  4“  Schaduia  40  pwe  plpa  laatallad  on  7-i3>gi. 

Motai  Ttia  atratlfleatlon  llnaa  caproaaat  ehn  appro, laMta 
boundary  batwaan  toll  typaa  and  tha  eraoaltlon 
nay  ba  gradual. 


107  foot 
103  faat 


3PiSB  HOMlTonihJ^  MU^/V 


10  lirs  I  so/*" 


I  I  (ML)  SXLI:  FIm  grala  tAndT*  som  el«y*  tray  and  brown 


(ML)  SZLT:  Vaaklf  caaaaead*  plaea  1/4"  al<«  braak 
undar  flntar  praaaura 


20 

»S  £  52 

30 

urs  1 53 

40 

MW  I  33/r 

SO 

MPS  I  50/5" 

60 

MW  I  53/*" 

70 

MW  I  *2 

60 

MW  I  *7/5" 

w 

MW  I  30/6" 

OOOIM 
000 UO 
OOOIAI 
OOOIAF 
OOOIAI 
000  lAJ 


100  J(?S  J  50/»" 


OwatltT 
SO  tMC 
S5  (Mt 
4 
6 

107  Kaac 
105  faac 


(SM)  SAMD:  Flaa  t^ain*  aoM  tLle.  gray,  danaa 


(SM)  SA^X):  Flna  grain,  teaa  allt.  brown,  dansa 


(ML)  SILT:  Soaa  flaa  grain  aand,  waakly  easancad. 
brown,  bard 


(NL-SN)  Aleanaciog  layara  of  flna  grain  aandy  ailc 
and  allty  flna  grain  aanda 


(ML)  SILT:  Waakly  eanancad*  can  and  niac*krowa»  hard 
slowar  drilling  balaw  M' 

CSH)  SAMD:  flna  grain,  tana  flic,  gray,  danaa 


(ML)  SILT:  C«Mncad,  light  gray,  hard 

(SV)  SAND:  Flna  to  aodita  grain,  haarlng  aneawnearad 

(CL)  CUkT:  Silty,  tana  flna  grain  sand,  brown 

Soring  caminaead  at  103'*  7-14*61. 

Creiaidwacar  naaaarad  at  62*  ona  hour  aftar  aonplation 
of  drilling. 

107  fane  of  4"  Schadnla  40  pwe  pifa  inacailad  an  7-U-6t. 

Natat  Tha  ieratificatian  linaa  rayratanc  dm  ayyroalMca 
boiadary  batwaan  aail  tyyaa  and  cha  cranaician 
nay  ba  gradwai. 


BASr  M0K)IT0ftlU6  yjJBLL  M  VJ  I  ? 


00.)  SXLI:  SoM  flat  grtio  ttad.  eto  and  brtM 


ZO  »S  I  45/6" 


00.)  StlT:  flat  grain  aaody*  clayty.  vookly  etatnttd. 
•occltd  brown,  hard 


30  MK  I  43/6“ 


CSM)  SAlO):  Pint  grain,  sllev.  noctlad  brown,  vary  denat 


40  MM  I  30/5“ 


00.)  SILt:  Soot  flnt  grain  atnd.  soot  eltf.  wttklv 
cMtnttd.  brown,  hard 


50  MM  I  33/6“ 


(S?3  SAND:  Fla.  train.  r.Uciv.lr  cUhi.  $riiy  vleh  ru.c 
•cruk..  ..rr  dm. 


60  MM  t  ?3 


(ML)  SILTt  Vary  eUMT.  6re«n>  hard 


70  MM  I  61 


(CL)  CLAY!  SlXcy.  gray  and  brown,  hard 


80  MM  I  40/5” 


(SN)  SAMDs  Plat  to  latdluH  grain, 
rtry  dtnt# 


9ile»  brown. 


o!?  *-  Z 

5'S  }  J* 

-J..  ; 

3i  I  a 
T  5  ^ 
§ji  s  > 


90  MM  I  46/3" 


100  MM  I  40/3" 


(to.)  SILT:  SoBt  flat  grain  atfid. 
hard 


city,  brown. 


sae£Uz 


•orlat  unilaatad  at  105' .  7-21-11 

Orniaiiliiitar  lalctallT  aaeewatatad  at  71'  durlat  drillln, 
7-21-11.  ' 

107  faat  of  6"  fehadala  40  ft  ploa  toatallad  oe  7-21-81. 


latai  Tha  .tratlflcattoa  lloaa  rapraaaot  clia  aaptaolMta 
bawdary  Mtaaan  wil  cypaa  tod  cha  rraoalclen 

aay  ba  tradual. 


107  faat 
105  faat 


APPENDIX  E 


WEU,  DESIGNS  AND  WEIX  LOGS 
STAGE  I  AND  STAGE  I I  MONITORING  WELLS 


STAGE 


WELL  DESIGNS 
I  MONITORING  WELLS 


/-aSB 


WELL  DESIGN 


Mf  17 

17B  I7J 


ENGINEERING-SCIENCE 


WELL  DESIGR 


If  20 

20S  2BI 


ENGINEERING-SCIENCE 


f" 


WELL  DESI6IV 


tnURB  SURFACE 


Mf  27 

27S  27ir 


RLACX  IRON  CASlirO 


oaroNiTE 

SEAL 


4*  THREADED  PVC 
CASING 


IS'  BORE  HOLE 


GRAVEL  PACK 


STEEL  PLATE 


_ 4*  STAINLESS  STEEL 

SCREEN.  10-SLOT 
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APPBMDIX  F 

SAMPLZH6  EVSMTS 
BASB  PRODOCTZOM  HEZXS 


Hll 


SAMPLING  EVENTS  FOR  BASE  PRODUCTION  HELLS 
McClellan  APB,  California 


r 


Base  Supplp 
Well 

Date 

Saapllng  Procedure 

Sample 

1 

12/21/81 

Piap  ran  for  10  minutes.  Hater 
MS  initiallp  eery  silty. 

2  VOA  bottles 

1/11/82 

Pwp  ran  for  10  minutes. 

1  gallon  bottle 

(GC/MS) 

2  VOA  bottles 

1  gallon  bottle 
( pest/herb/metala ) 

2 

12/21/81 

Pwip  ran  for  10  minutes.  Hater 
eaa  initially  silty. 

2  VOA  bottles 

1/11/82 

Pump  ran  for  10  minutes. 

1  gallon  bottle 

(GC/MS) 

2  VOA  bottles 

1  gallon  bottle 
( pest/herb/netals ) 

8 

12/21/81 

Hater  ran  for  10  minutes. 

Hell  on-line. 

2  VOA  bottles 

1/11/82 

Puag>  ran  for  10  minutes. 

1  gallon  bottle 

(GC/MS) 

2  VOA  bottles 

1  gallon  bottle 
( pest/herb/netals ) 

11 

12/21/81 

Pump  ran  for  10  minutes. 

2  VOA  bottles 

1/11/82 

Pvp  ran  for  10  minutes. 

1  gallon  bottle 

(GC/MS) 

2  VOA  bottles 

1  gallon  bottle 
( peat/herb/metals ) 

12 

12/21/81 

Fxmp  ran  for  10  minutes. 

Hater  was  eery  silty. 

2  VOA  bottles 

1/11/82 

Pag>  ran  for  10  minutes. 

1  gallon  bottle 

(GC/MS) 

2  VOA  bottles 
1  gallon  bottle 
( pest/herb/netals ) 


1 


SAMPLING  SVEMT5  FOR  BASS  PRODOCTZON  WELLS 
(Continuad) 


Baa«  Supply 
wall 

Data 

Saapling  Procedure 

Sample 

13 

12/21/81 

Water  ran  for  10  minutes* 
Well  on-line. 

2  VDA  bottles 

1/11/82 

Water  ran  for  10  minutes. 
Well  on-line. 

1  gallon  bottle 

(GC/MS) 

2  VGA  bottles 

1  gallon  bottle 
( past/herb/matals ) 

17 

12/21/81 

Water  ran  for  10  minutes. 
Well  on-line. 

2  VGA  bottles 

1/11/82 

Water  ran  for  10  minutes. 
Well  on-line. 

1  gallon  bottle 

(GC/MS) 

2  VGA  bottles 

1  gallon  bottle 
(past/herb/metals ) 

18 

12/21/81 

Pwp  ran  for  10  minutes. 

2  VGA  bottles 

1/11/82 

Pusp  ran  for  10  minutes. 

1  gallon  bottle 

(GC/MS) 

2  VGA  bottles 

1  gallon  bottle 
( pest/herb/metals ) 

28 

12/21/81 

Pump  ran  for  10  minutes. 

2  VGA  bottles 

1/11/82 

Ptsq?  ran  for  10  aU.nntes. 

1  gallon  bottle 

(GC/MS) 

2  VGA  bottles 

1  gallon  bottle 
( pest/harb/metals ) 

29 

12/21/81 

Water  ran  for  10  minutes. 
Well  on-line 

2  VGA  bottles 

1/11/82 

Pwp  ran  for  10  minutes. 

1  gallon  bottle 

(GC/MS) 

2  VGA  bottles 

1  gallon  bottle 
( pest/harb/metals ) 

F-2 


APPENDIX  6 

SAHPLIN6  EVENTS 
BASS  MONTtORING  NELLS 


SAMPLING  EVENTS  POR  BASE  MONITORING  WELLS 
(Continued) 


SAMPLING  EVENTS  FOR  BASE  MONITORING  WELLS 
(Continued) 


SAMPLING  BVENTS  FOR  BASE  MONITORING  WELLS 
(Continued) 
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SAMPLING  EVENTS  POR  BASE  MONITORING  WELLS 
(Continued) 


DEPARTMENT  OF  THE  AIR  FORCE 

HEADQUARTERS  AIR  FORCE  LOGISTICS  COMMAND 
WRIGHT. PATTERSON  AIR  FORCE  BASE  OHIO  4543.T 


26  October  1983 

Final  Report,  Phase  II  Installation  Restoration  Program,  McClellan  AFB,  CA 

See  Distribution  List 

The  attached  errata  sheets  for  the  subject  report  are  forwarded  for 
your  information  and  action.  Please  forward  copies  of  the  errata  sheets 
to  all  recipients  of  the  subject  report. 

FOR  THE  COMMANDER 


HARKT/^.  TIUSSELL,  Colonel,  USAF,  BSC 
Command  Bloenvlronmental  Engineer 
Office  of  the  Surgeon 


1  Atch 

Errata  Sheets 


-  J^ijeline  of  the  Tlerosface  Geam 


NoClellan  AFB  Installation 
Restoration  Progras  Phase  II  Final  Report 


Brrtte 


^ga.  Parasraph/Lli 

B-6  First  full/7 


2-4  Fig.  2.2/Referenoe 

2-26  Fig.  2.8 


4-43  Second  full/7 

4-43  Last/ 10-12 

4-45  3/1-5 


4-49  Last/5-7 

4-58  1/11-14 

4-59  1/9 

4-71  Top/1 


Change 

Change  sentenoe  to  read,  ■Cbeaioal 
oonstituents  haea  been  detected  in 
dcwngradient  areas  off  the  base." 

Reference  should  read  "DHR,  1074". 

Base  well  29  was  aistakenly  left  out 
of  Figure  2.8.  The  location  of  the 
well  can  be  found  on  Figure  B.2,  page 
E-8. 

Add  sentenoe  to  end  of  paragraph, 
■Olonltoring  well  27S  contained  15  ppb 
of  TCS  and  120  ppb  of 
pentachlorophenol. " 

Delete  entire  sentence. 

Delete  entire  paragraph  as  written. 
Change  to  read,  "Monitoring  well  37S 
was  installed  to  deteruine  if 
oontaalnation  was  ulgrating  froa  site 
33*  However,  the  groundwater 
gradient  la  the  area  of  Ntf  375  la 
flat  (see  Figure  4.7t  P*go  4-60),  and 
NH  37S  cannot  be  assuned  to  be 
downgradient  of  site  33." 

Delete  sentenoe,  "The  analytical 
results...  below  established 
standards." 

Change  sentenoe  to  read,  "The 
recharge  area  for  the  shallow 
water-bearing  sands  appears  to  be 
froB  two  to  tea  nlles  upslope  (east) 
of  the  base." 

Change  to  read  "...would  be  leas  than 
one  foot  per  year...." 

Change  to  read  "...trough  exists 
north  of  the  City  of  Saoraieato. . . . " 


it/3 

it/3 
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